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ABSTRACT 

A computer program has been developed for calculat- 
ing the propagationloss of underwater sound into the region 
of the shadow zone. The calculations are based on a cam- 
posite propagation scattering model. The computer pro- 
gram has been written partly in FORTRAN IV and partly in 
NELIAC. Copies of this program are available to interested 
parties. 

PROBLEM STATUS 

This concludes the work on this probkm, which was 
terminated June 30, 1969. Unless otherwise notified, this 
problem will be considered closed 30 days after the issuance 
of this report. 

NRL Problem Sol-31 
Project SF-11-552-011-8608 

Manuscript submitted March 31, 1970. 
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COMPUTER PROGRAM FOR CALCULATING PROPAGATION 
LOSS INTO THE SHADOW ZONE 

INTRODUCTION 

A program named Assured Range Studies was carried on by the Acoustic Warfare 
(formerly Techniques) Branch of the Acoustics Division. One of the results of the AS- 

sured Range Studies was the development of a means of computing the propagation loss 
of acoustic energy in the ocean from a source in the surface layer to any point below the 
layer. The purpose of this report is to describe the computer program for the calcula- 
tion of this propagation loss. 

It is a common occurrence for the ocean to develop a layer of water which is vir- 
tually isothermal. This layer of almost constant temperature starts just below the ocean 
surface and can extend downward for several hundred feet. The sound speed gradient in 
the isothermal layer is positive in the downward direction due to the increase in the hydro- 
static water pressure with depth. Immediately below the layer the sound speed gradient 
is negative. This is caused by the relatively rapid decrease of water temperature with 
depth. Sound propagation in the layer, or surface duct as it is also called, is usually 
favorable. 

For a sound sourcs in the surface layer there exists a limit ray. The limit ray is 
the ray which leaves the source at an angle such that it crossss the bottom boundary of the duct 
at grazing incidence. Ray theory predicts no sound propagation below the duct boundary 
beyond the point of grazing incidence of the limit ray. This region is the shadow zone. 

Experience has shown that the shadow zone is insonified, and the Assured Range 
Studies proposed a propagation scattering model for determining sound intensity there. 
Specifically, it was asserted that the principal mechanism for insonifying the region is 
the scattering of acoustic energy by the rough, irregular sea surface. 

This propagation scattering model requires the knowledge of only those parameters 
that can be measured. The parameters are the sound speed variation with depth, wind 
speed, depth of the isothermal duct, depth of the sound source, range between source and 
receiver (or target), and depth of the receiver. (The terms receiver and target will be 
used interchangeably throughout this report.) However, the calculation of propagation 
loss is so intricate and lengthy that it is made practicable only by means of a digital 
computer. A brief description covering the important points of the propagation scatter- 
ing model is given below. 

DESCRIPTION 

The propagation scattering model asserts that acoustic rays diverge from the source, 
where they are refracted in accordance with the sound speed gradient, and are then re- 
flected and/or scattered from the surface into the shadow zone. The scattering occurs 
from an area between source and receiver. (It is assumed that backscattering is unim- 
portant, and areas beyond the receiver make no significant contribution to the signal 
strength at the receiver. Also, there is no contribution by sound reflected from the 
ocean bottom.) The scattering strength of any point on the surface is a continuous 
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2 If. N. VAN NESS 

function of position with respect to the source and tbe receiver. But since the scattering 
cannot be computed over any continuous extent from a practical standpoint, the surface 
of the ocean between source and receiver ‘is divided into a number of elementary scatter- 
ing areas, in this case squares all of the same size. Such a division is diagrammed in 
Fig. 1, where S is the source and T is the target. The scattering strength is computed 
at the center of each of the elementary scattering areas, and it is assumed constant over 
the entire square. 

S- --T 

s 

r-------7 
S 

r---- 1 

>\ 

I 

i.-.-.-.-.-._.-.-.-.-.-.~ 
T 

w 

Fig. 1 - Diagram of scattered ray, (a) ocean surface divided into 
elementary scattering areas, (b) geometry of scattered ray 

With the division of the ocean surface into the elementary scattering areas, a set of 
individual ray paths is thus defined. The individual ray path is the path from the source 
to the center of any scattering area and from there to the receiver. For the ith squwe 
the propagation loss H, in decibels is computed and displayed in the computer output. 
Each value of H i is converted to its equivalent intensity, and all the intensities are 
added together. From the sum of the equivalent intensities the total propagation loss is 
determined. 

The number of ray paths or the total extent of the scattering surface considered is 
dependent on the limits set for scattering strength and the values of Hi for elementary 
scattering areas lying on the central axis between sonrcs and receiver. The scattering 
strength of a scattering area decreases as areas further from the central axis are con- 
sidered. When the scattering strength falls below -60 dB, areas further off the central 
axis are not considered. The error caused by not considering a larger area is a small 
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fraction of a decibel. The computations start by considering the ocean surface at the re- 
ceiver end of the propagation path and “working” back toward the sourcs. The values of 
Hi for the elementary scattering areas reach a maximum, usually within 1000 yd of the 
target. That there is a maximum value for Hi is a conclusion made after several pre- 
liminary calculations had been made. When Hi for a square, whose center lies directly 
on the center line, is less than -150 dB, the computation of Hi for any other area is ter- 
minated and the summation of all the intensity equivalents of the Hi’s is made. (Again, 
here, errors due to truncation are small.) This final value of H is the propagation loss 
to a point in the shadow zone, i.e., at the target. The signal strength at the receiver is 
due to the scattered field. This theory and the program do not consider the “direct” field 
that would be encountered in the duct, and the target below the duct receives only the en- 
ergy in the scattered field. The computer printout also includes the scattering strength 
of each scattering area and the angle of arrival each ray makes with the target. 

The propagation loss H,, in decibels, of each ray is the sum of four terms, as given 
in Eq. (1). 

Hi = TL,i + 10 log,, Ssi c 10 log,, Ai + TLgi. (1) 

(The subscript i in Eq. (1) will not be used in the following discussion.) The loss TL, is 
the loss along the ray from the source to the scattering area. To compute this loss, the 
AMOS (1) formulations were used plus a surface-coupled loss, suggestedbyM. Schulkin(2), 
that the ray suffers on scattering from the surface. 

The quantity S, of Eq. (1) is the scattering coefficient of the scattering area, and 
10 log S, is called the scattering strength. S, is computed using the scattering model 
developed by Beckmann-Spizzichino (3). Their development includes scattering from a 
moderately rough to rough, irregular surface depending on acoustic frequency, standard 
deviation of wave height, and the angle at which the target “sees” the scattering area. 
The elementary scattering area A is a square of 50 yd on a side. 

The quantity TL, is the propagation loss the ray suffers from the area of scattering 
to the target. The loss TL, is found by a ray-tracing method outlined by Stewart (4). 
From bathymetric and salinity data the sound speed for any depth is computed using 
Wilson’s (5) equations. Stewart’s method generates a sound speed profile that is not only 
continuous at the layer boundaries, but the first derivative of the sound speed with respect 
to depth is also everywhere continuous. This method is adequate for computing TL, be- 
cause the sound speed structure can be accurately portrayed below the duct as well as 
within the duct. In the region through which TL 1 is computed, the sound spssd Is a linear 
function of depth because of the isothermal water. 

GUIDE FOR USERS 

The input parameters for this computer program are all either chosen or measured 
except for PHISUBl (see list below). These values are listed below with their equivalent 
FORTRAN designations. 

This information goes on one data card which is read by a FORTRAN read instruc- 
tion. This single data card is to be followed by the sound speed profile. The curvilinear 
sound speed profile is generated by another computer program SOUNDSPEED which is in 
the NELIAC compiler language. The inputs for the sound speed profile require either 
depth sound speed pairs or temperature and salinity data and their corresponding depths. 

Preliminary calculations showed that the Beckmann-Spizzichino scattering model is 
quite insensitive to small changes of small angles of PHISUBl (et). Even for the deepest 
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Definition FORTRAN Designation 

Channel depth (yd) HC 

Receiver depth (yd) RDEPTH 

Angle of incidence of ray at surface PHiSUB 
(degrees) 

Wind (knots) W 

Acoustic frequency &Hz) ==& 

Value of linear gradient in duct (l/see) GC 

Range between source and target (yd) RINITIAL 

Source depth (yd) ZSUBO 

Surface temperature (“F) TEMP 

surface ducts PHISUBl will be about 3.5 degrees at most. Therefore PHISUBl can be 
arbitrarily set to any small angle less than 3.5 degrees. A value of 2 degrees was used 
by the author. 

FLOW DIACiRAM 

The flow diagram of Fig. 2 shows the general computation scheme. Figs. 3 through 
6 are the major subroutines except for subroutines INITPTOP and PTOP. These latter 
two subroutines are in the NELIAC-N compiler language. Their purpose will be noted 
below. 

The first five operations after start given in Fig. 2 read in all of the data except far 
the sound speed profile, print this data as an output, calculate sewxal constants as noted 
in operations numbered 4 and 5, divide the ocean surface as illustrated in Fig. 1, and 
compute all ranges for the determinations of TL, and TL,. Subroutine DATA, which 
computes the ranges for TL, and TL,, is diagrammed in Fig. 3. 

Subroutine INITPTOP calls subroutine RDPROFILE, which reads in and stores the 
sound speed profiIe. INITPTOP also calculates a table of sound speeds for use by PTOP. 
The quantities FLAG, I, MX, and N are counting and controlling indexes. The subroutine 
PTOP computes the propagation loss TL,, the angle of scattering from the surface and 
the angle of arrival at the target. PTOP finds the solution ray subject to the constraints 
of the problem. The constraints placed on the ray are horizontal range, depth of the 
source (which is the surface), depth of the target, and the sound speed gradient. The 
angle of scattering from the surface comes about by selecting only that ray that leaves 
the surface such that it will arrive at the target, given those constraints. This angle is 
required for subroutine SSS, and it is designated @, in Fig. 1. 

The subroutine SSS computes the scattering strength 10 log,, S* of Eq. (1) and sub- 
routine CMPUTE H calculates TL, and makes the addition of the quantities indicated in 
Eq. (1). Subroutine TABLE(MX) prints the output of the program in tabular form. The 
output table format displays the quantities H, 10 log,, S,, and ANGRCVR (angIe of a=- 
rival at the target) for each eIementary scattering area. The numbers are arranged on 
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Fig. 3 - Flow diagram for range cakulation for computing TL, and TL, 
and for calculation of 8. 

the page to correspond to the relative location of their position on the sea surface. But 
since the manner in which the surface is divided gives asymmetry with respect to the 
axis comeetiig source and target, only those values to one side (the right ane) of this 
axis are printed. 

The main program SURFSCAT computes the effective intensity for each ray, nor- 
malized to the source level of 1 yd, by taking log ;; (Hi/lo). These effective intensities 
are summed, and then the total propagation loss behrreen the source and the target is 
computed as 10 log 10 of the summed effective intensities. 

Subroutine AMOS computes this same quantity using only the AMOS formulations 
throughout the entire extent of the transmission path. 
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A complete program listing is given in the Appendix. This computer program has 
been run repeatedly using field data collected during experiments at sea. These data 
were restricted to one frequency, but there were variations of range, target depth, sur- 
face duct depth, sound speed profile, and wind speed. The difference between computed 
and measured values of propagation loss never exceeded -t3.5 dB, where the measured 
value was based on the average loss for 2.0 to 30 pings. Shown in Fig. 7 are some typical 
propagation loss measurements for various depths for a constant range of 12,000 yards. 
The source depth is about 6 yd. 
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: 
c 
c 
c 
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c 
c 
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c” 
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: 
c 

: 

: 
c 
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E 

: 
c 
C 

: 
c 
c 
c 
c 
c 
c 
C 

E 
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c 

PRDGRAH sw?r SCAT StrRnaiDn 
S~‘ROl?ZG?O 

Si,XFSCAT Cfi.b+,P”TtS TWE PkFPdGPT~BN LOSS DF ACkUSTIC ENERGY FHSTTEn SVRfJO3OD 
FROM A 50”~Ct Jh THE SURFACE D,,CT SCLITTERE~ INTD Th’E SHADFIU 20vE. SuR*D4DB 
ThJS LOSS IS A FUNClJBN “iF I+JNn “ELBrJ7Y. TEPPFRATIIRE, SRURCE AND S!JR00500 
RECEIVER DFPIHS, DiJCT DtPTH, FRE”UEnlrYr RAE!GE , AUD TXE SBUND VELRCJTYSVR006&@ 
PHDf ILE, 

TkE SCATTtRING SURFACE 15 DIVIDE” JYTO S0UARES 0F FQUAL SIZE, THE 
SCATTERING STRlhGTti IS CWHPUTEn AT IXE CFNTER W EACU SQUARE, AW JT 
IS ASSUNE” CONSTANT OVER 1Ht WTJRE SDUARE. 

CWH@N/SSS PHAHIU,PHJSUBIITHETAR,J 
C@MWDh‘/A/H 
CBMHR~/FHOFJLE/YBNTUI~~Y.YE~XILPT.C~NG,ID,~RJG~~~,NRD~~T~S,UT~ 

:0714001 
I)“WC,MTHLT* 

, CcHDDtr AllAHLt(800)r AZTARLEIROO). AJ~ABLE(SUO~ 
COHH0b+/ANDI/hCr ZSUHC. ZDEPTH, RJEIITJAL. FEcIU.> WAVE> TEHP 

RCnAlUGEcIJ JS Tht SlR~l(iHl LINE DJSTANcE BFTWtFN TUE I TH SCATTERING 
PQlhT AND THE PDIffiT @iN THE SURFACE DIRECTLY ABOYF IkE RECElYER 
(PnINl A), 

RANCEICI~ IS TcE DJSTAWF HETWEN ,#E SBIIRCE AND THE I TL( SCATTERIfiG 
PBJNT. 

SWHIID7DO 
SVRbOPDD 
SURnaPaD 
5WRDlWO 
sl~n~llon 
SWRtllZSO 
SUR0130D 
SLtRl?*SO* 
SURDlSSD 
SLtR*lbOD 
St’Rnf-IOD 
swun1sw 
SLiRblr)t?O 
SuRn2aaa 
SURO2IOO 
SUR~ZSOD 
SlJR024ffD 
StWWSOD 
SURD2600 
SURD2780 
SURS2RSD 
_~~ .._ 
SURU3ilSO 

T,,ETARcJI TS Tlit AYGLt BFTWkEN THE VFCT0R FROM THE SOURCE T0 THE J TUSURD3100 
SC~,Tt,+llv[. PBJhT AND THE “kCl0R FRO8 THE I TW SCATIEHING PRIVT 70 5ttRnx?@* 
POINT A. SURo3saO 

Flm*3*n* _ _ _ 
WEPT,, IS THE KtCEJYEH UEPTH JN YARDS. SURDSSDn 

SUROJfOO 
UC IS THE ckAb!hEL IltPTH IN ‘fAR”S, StlKD3TDIl 

SuRa3RDP 
PklSUBl $5 THE AWLC @)F INCIDENCE A RAY NAYES UITti A SCATTERING SURD3000 
PBJPIT, IT IS ASSUYt!, C0”1S,AN, FRR ALL RAYS ANI) SCATTERING WRD.iilUD 
PllJhTS lUSI,ALLY AL)4UT 2 DEGREES?. SURW100 

SURD42DR 
LT IS YJND SPtE,: IN K!\r$,TS. SURO4300 

SURP44DD 
FUEQ 1s 7”~~ FR~GLE%,IcY OF THt ACOUSTIC SJShlAL IN Ki17. SURO45DO 

SURb4EwJ 
GC 1s THE ‘BUNti VELWCJTY GRAIIJFNT JY THE DUCT (A C’-NSTANT RY SURa47DD 
DEFJhJTJOb OF TCE OUCI) IN I/SFCS, SIIR04ROR 

SllRn4Pan 
RJQITIAL 15 T!& DJSTAWk HETHEkN THE SWRCF ANn i’m!NT A, SURD500D 

SwtU?iI cl& 
ZS”B0 IS TcE U’F’TH OF TnF S@liRCE I’d YD5, SLiRaStDa 

SLHwS3PO 
TEVP IS TYt TEMP~HATURE IN THE DUCT lASSUb+n CDNW&‘!T>. SlJRD54DD 

SW05500 
READ 1, WI HDEP’TH, %JSUHI, Ir’, FREO, Grr RJNJTJAL, ZSWO, TEHP illR&DD 

I FORHATl9F81 SURD57DD 
SVRf?5ODD 
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C 

: 

C 
C 

: 
C 

C 
C 
C 

: 
C 
C 

; 
C 

c” 

c” 

: 

C 

DATA CQHPUT~S ,ht VALUES Q)F RCP/,NGE~,), THFTAnfI), HPNGEllIl, AYD suun5900 

N, k,,ERE N ,S Twt T0tAL N,,H"E!+ 0F SCATTERING PN,NtS t0 BE CRYS!DFRFll,SURObOoO 
SUROblOO 
SLiROb200 - .._-.- ^_ 

PRINT 9 S"H"6J"O 
9 FFRHAT,?X',kP"T DATA---*/) SURO6400 

PRINT I?, H‘, RllkPTH, P'HIS"R1, w, TFMP, FREO, GC, RlNITlAL SURO6500 
DEPTH.5Xtil~HISUBlr5X*W*aX*TEnplSUR06600 

.lNltlAL RAkGE*/ , SUR06700 
10X, SUR06aOO 

,F1".7/,, SUR06900 
I, *“,-. 

ZDEPTH i HUkPTh 
FEGU 2 FRtG 
SUMH = I: 
WAVE i ,"0092*W**f5./2., 
PI i 3,?415926535 
CON E P,,18i!.O 
PWlSU81 z PbISUal*COk 

SuR07000 
SUR07100 
SURO7200 
ivRoi3oo 
SURO74OO 
SUR07500 
SURO7hOO 
suu077on 

lhlTPT0P 1s A htLlbC SU~~PHOGRAN WHICH CALLS RLWRNFILE AND RETUQNS iURO7aiO 
DATA FOR PTUP. HDPR0FlLE READS THE S0UNl' SPEED PH0FILF WlCU YAY SUR07900 
BE GENERATtD BY SBUNU SPEED AVA~LARLF THROliGLi KEI\! YDRIN, NRL. SuROBoOO 

SURoalOO 
CALL ,N,TPTGF SUROBZOO 
co = CL11 SUR,O8300 
FLAG = 1,O SUR08400 
"Y = 0 SU!408500 

SURO8600 
TME F0LLOUING LEOP CRWPUTES THF T0tIL SCATTERING LRSS FR0H SSURCE 10 SURO8700 
RECEIVER FC" EACH SCAlTtUiNG P@,NT IN DB (HI, THF SCATTERING SUROBROO 
STQENGTH 01 kACh SCAltEHI,NG POINT IV UH ~lnLi+GtSSUPSl~~, AiD THE 
ANGLE OF INClDthCE OF THS RAY FRRH EACH SCATTERING POlNt At THE 
RECEIVER (ANGRCVR) IN DEGREES AND PRINTS TUESt 0Ut IN 14BULAR F0RH. 

QQ 50 ICl,N 
MY a NY + 1 
IF IHX.r.T*R) MY = 1 
RR = RCRANGE(I) 

P70P IS A kEL,AC SIIuPROGYAM WHICH C0MPIITES TMt PHOiJAGAT1ON LBSS 
FROtl A SCATTtRlhG POINT T0 THE RECEIVER fTL2) AND THE ANGLE OF 
DEPARTUHE OF ThE SCATTERED HAY FR0H A SCATTERING PQINT (PHISUER). 

CALL PTRP 
IF (NQSPL.tG.1) PRINT Jfl.RDEPTH,RQ 
IF fNOSF,L.EO.l) Gk! TW 50 

30 F0HMAT(70Y,*THEHt IS NO S0LUTI0N FOR THIS DEPIH AND HANGE*r5X, 
. F7,2,5X,i7.2//) 

SSS CEWPUTFS Tk.t SCATTEHING STRENGTH AT THF CENT&Q 0F ONE 0F TUE 
SCATTERING AREAS. 

CALL SSS 
IF fSSuPS.GT.-60.0) &GI TO 4O 
ADD i IF-MY) 
I = 1 + ADD 

SUROBPOO 
SUROPOOO 
SUROPIOO 
SUR09200 
SURO9300 
SUA09400 
SUR09500 
SUR09600 
SURO9700 
SURO9aOO 
SUROPPOO 
SURiOOOO 
SURlOlOO 
SUR10200 
SURl030n 
SURIO400 
SUR10500 
SURl0600 
SURIOIOO 
SURlOaOO 
SURi0900 
SURllOOO 
SURillOO 
SUR11200 
SURll300 
SUR11400 
SURll500 
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c 
c 
C 

c 
C 
c 

: 

c 

c 
c 
c 

Tdl?LE PRlbl7S 817 "bLt,ES 61) H, IDLQG~SSI~~S~. bNI, PuCHCYH IN 
TAPLLPR FRkM, 

CPLL TPCLbWX, 
*x = n 
GO TV 50 

40 RAM i WiaNGtlcr, 

CBHFUTE x CenPL~itS Tkt sC*TTFRlNG LDSS FXO)" THF SwHCt TW I 
SCbTTtulNG P'oLfil CTCl,, Y ANi) SUMS THE EOUTYALFNI iNTfivS17IEZ. 
lU**CHllfl). 

CPLL tv,uurt k(RIN‘ xc, IsriBuu, w*vt. Tt”P, SUP++. HY. H, GCJ 
IF~MX.tC.1.rhUt*.LT.-15u.D~ GR 78 55 
CALL Tb?Lt(hl 

50 CQNTlhUF 
55 SUHH = S”WH - ~u**~H~I*.lJ~ 

H, IS 7Hk TQITAL pHoPrGa7l!+N LOSS F3” bLL PF TXE R9YS TRACES, 
h7 = iOrlLBf>l”rS”MHJ 
PRlNT 6C, H7 

60 C~RHAT(,,,,~~Y* TWE lC,T&L PRGPAG$TlPN L”SS CH~i) IS -F10.3/) 

A,,ps CO,,PU~~S L~OTHE’~ VALUE FOR HT USING THE AMOS FDHMULATIBVS. 

CPLL dK’cS 
END 

SUBRQI’T Tiwt kC”H.‘FCt RI)P oran 
c RDP 02Ra 
t RCPRDFILE MEADS THF SUlJi”,r SPCEil  PROFlLF UHlCC NAY Rk t iENtR&TED a’+ RDP clm.0 
c SQUhG SPtCr 4”nlLAlLe THlJQ”G*I KEN WclPlNs wt. RDP 0401) 
c RW man 

CO~N”N,VXhFlLt,rQ~~~r~r~A~,~~Au,~~~,~~N~~,ln~~~u~~~~~,N~DtPT~s~ RTIP rJ600 
f b’T,I!Rb’C,MTHIJ. RDP timn 
lCTSBOC,>, CfhUDP, blTAULtCdDO>, A2TI’LFC*DDi, AS~A~LEI~DO) ROP onlln 

1 REkD 2,“RkTC,DAI,Yt4H,LAT,L~~lNG~l~.~JRil;l~~~~RlGf2~,NR~t~7HS XRP OWD 
2 FPHMATtrY,IJ,1X,I3.iX,I6rlX,FR,~X,~~,lX~AD,~X.~A~/l5~ 

K=NR”EPTHS.l  
5 READ L~lDTll)rl=l,nJ 
* FORMATlct l&,CI 

HEAI) 6,tClIt,1=11K) 
READ 6,fAlTAbLtiilrI=i,K! 
READ 6,fA%TAELt~lJ,f=lrKl 
READ 5rfAJib~Ltll)iI’lrKI 
END RW’ IROD 
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S”tlRQI;T!Nb 55s 

~~,,,)RQ"T~IJ~ jss CNEIPUT~S IHF SUUFACE scbTTt~lh~ SIRFKGTH OF 
T"E SIJHFPCI W,Th nca;4 :ra,,t hC,GHT S,Gti'n ANP P'tAN Si:HFACE 
SLPPE I, /CTSUHi I Id',,4 F",,,C,,,.lNS nF d,N" SPFEC k ,\i KLlDlS 

‘DIHENS,“N lkkM(lO”) 
CQHMUh,SSS PFAH/W,P~I~U*1,TU~lARoll 
CQ~,,@,~,SSS GPTI\/~.(rlSUnH,P~i(;tiCIIR,~LI.ISS,HU.PL1FPI~,F~tO,NOSRL.~L~G 

.,CU,SSUFS 
S,(jMA i ,C,~'~92*w*.(~.,'i.) 
CTSOHZ i ,./(.Oilb l .“052n**W, 

krl”LkN : Ct~/,1uJu,*Fnt0~ 

PI i 3,1415+265J5 
,"A"NUP i %.*f' l/rAVLFN 
CGN i P,,lBI1. 
THtTAHf,, i IHtTPUlI).CPN 
PHISUFR i pi lS"2H*ckm 
CSPHIl 5 C~L~PHIS~~Hll 
SHTHtTpK i S,N(lHclPH,IJ) 
CS,HkTt,F i LSS(THkTIH(I)) 
SNPHII = 51~(Pti,5\~1til) 
SNPH,R i S,~(PHIS"HH) 
CSP!,," : CQS(PHISUBH) 
7 i ~,.c~GMn*SO~~TF~C~S"4ZI 

sss 0500 
sss 0600 
sss 0700 
sss OR00 
sss u900 
sss 1000 
sss 1100 
sss 120" 
sss 1300 
sss 1400 
sss 1500 
sss 1600 
sss 1700 
sss 1800 
sss 19011 

sss 2non 
sss 2100 
sss 2200 
sss 230" 

ARtd = i5"Uq 
YS”Rx”Sc i kA",~~,W.r2r~CSFHl,.t2 - 2.*CSPHll*ChPHI 

.10.+>, 
l 

. -. 
F i 1, l SNPh,~.s.*Ph,s - CSPH,~.CSPU,H.TSTHFT~% 

f 5 F/(skPHIl*~~NPnll + SNPHIPJ, 

“SUER i (CSl‘hli - CS~HIU*CSTHETAR)*WAVN~~M 

“S”“Y i -Cs~C~R.s~~,IHtl~H~Wp”~,~~ 

“S”RZ i WP”I.LHrtSUPH,, l SNPH,R) 

,F,“SUbr.E”,O.!l~ HHPl = 1. 

,F(“Subr.FO,u.“J Gkl Tll 8 

u*n, = s~IY~5u..~~“~r~/~s0.rVSIIBY) 

H*CSlHETAH 

SURFACE 

sss 
sss 

CSPI(SSS 
sss 
sss 

8 IF(VSU~V.tO.0.U) NHC2 : I.0 
,F,"SUH".~0.0.0~ tic3 lC.1 9 
RUti):, E  clN(50.r~~~I~YJ/l5o,*\~s~lsYJ 

9 RHkl i Rr.GlrChljZ 

RQUGYNESS SHIT+:hlQ” 15 OFlFH”lNtn 
TH,S ,s elu,v FFH A l+killGk ANLI A  MnpE?bTFLY POLGH SEA 

17 

S’S 0100 
85s 0200 
sss 03011 
sss 0400 

SSS 

sss 

sss 
sss 
sss 
sss 

2501, 
26,011 
27011 
2800 
290'1 

3000 

S?DO 
3300 
3400 
35011 

G i YSUFZ.“~LkZ*SIG~A*SI~;~~ sss 360" 
sss 3700 

G HUCh GRtnTFH THb\! IuNt CBRH6SPQN"S TI A  RPUGH Sl!HFACE VHILE G sss 380" 
APP,,RX,M,,TIL" l.LI,PL TR fii*dE CkRRtSPOVPS 7R A  PQ"Ek‘P'ELY HQIIGH sss 3"OO 
SbRFACF. sss 4ouo 

IFLG.LT.4.) GR 10 1 
P@WEH i -1 ..~“SUbYYS~~.,*T/(4..GJ~ 
RHQR~CS, i: I,*F*F.T*I.EYPI(PBwEUJ,~~.~~~~A, 
GE TQ 5 

sss 410” 
sss 4700 
sss 43011 
sss 4400 
sss 450” 

J = 1 sss 460” 
A i Pl.,.T.l.,*tXl~i~-G~ sss 4700 
FACTBR i l/J sss 4600 
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2 DENW i IPCTkk,., 
PDWFH : -~,~(Vsi’~XISQIT*T,(4.rj)) 
TEHUCJ) = G’~~*~Xrir~wct~).~,~~gr 
IFITtRCtJ).Lt ..iDbo”:A~ G” TO 3 
J=J*L 
FbCTCIR E i &~~i’~~H,J 
IF(J - 1btl) 2, 2, h 
SUH i a 

sun i S,,H I ,FVYIhb> 
CEkTIhiri ~’ ” 
RHBRHRST i nrSU~~/hkFA f tXPI’c-(r),I<Hn.t% 
PRC i HI-hHul~sT~s~Pnll.r?.nnr .4/b+eVL~V*‘~ 
SSURS = 1c’.*&L0~~10~P~c~ 
RETURN 
PRINT I, TE”rtlUO! 
FORMdTl. sil-its II-bN ssuns FAIL&U TC, CntuVtfiGF CdilDlY thpl,fsH 

sss 6300 
sss 44an 

*I sss 6500 
sss 66Dfl 
sss b7DD 



: 
C 
C 

: 
c 
C 

c 
c 
c 

C 
c 
c 
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SUbROUTItvk i~rllP~HCHPlv~~F,HhNCtl,TrlFTbR,lh~OEX1,~~4’~) DbT 0100 
"liT 0200 

OPTA CnHPl!ltS TkE \1,$L"kS 8F HCPANGtllI, T"CTbR(,), "ANOEl( Ahjl) UbT 0300 
N, kHERE N ,s TCt TUTAL !:llnhcR p,- SCbTTERING PclIlrlT'.~, TN BE CRvS,OFHtD.DPT 040" 

O,MENS,"N HC~Ph:tll~,THClb4~~,,To,HINttl(l) 
1=1 
(;,ST = 5" 
RLN" i h&N - O,Sl 
IkUEX z 1 
,hDEXl = " 
INIJEXZ = " 

z.l=1 
RPIV.3 i FAN - 11Ah.O 
TRAV i ii 

ru1s COMP, Its Hdhbtl "SFU BY HR,IT,UF THAT CENPUTE\ 'H ,PHBPAOPT,ON 
Lass OF Ah" ljht HAY). 

DdT 0500 
“AT 0600 

1 T,4,J, i SOkT,TlJAh.THdN * RP.N".HP~l", 
IhOEX2 = INL:tXZ + 1 
HPNGEl~,LOEhE) i T(41.l) 
J i J + 1 
TRAM i TPPN + "1st 
IF (TRA,~.Lt,J,O) Gk" IF 1 
J=l 
TRAN = c 

J T(1.J) i SOhl,TeA.d.THbN l Rah3*RIN3, 

Tk,S PUTS FPhlGkS V” PHRPFH *RR&Y TB Rk Lls:tn PY SlrRFSCAT 

RCHPNGtflNntX) = T(l8J) 
.l=.J*1 
TRAM - THAN + 015, 
INDEX i INut~X + 1 
,F,THArv.LF.d5") or.1 Tb 3 
.I 5 1 
THlN = P 

4 T<Z,J) i TRhl\ 
TRAIJ = Ih‘PN . r:,s, 
J : J l 1 

IFlTRbL.L~..$50~ GO TD 4 
DO 6 J=t,n 
THETl i ATA! IT(Z#J)/kbN,,) 
THETZ i LTAhlT(2,J)/kAN3) 
T(3rJ) = 57qi95r*tTWtTl + THETA, 

INDEX1 i liul.txl + 1 
THETAH~ILUEXl) i 7(3,J) 
1 = I + 1 
IF~I-9~Q,lO,lO 
RAN0 = NAN0 - UiST 
IF(lOOO - Rdh0)2,7,11P 
1=1 
(ifi TO 9 
CONT ,NUF 
END 

iA1 070” 
“AT 0400 
DA1 0900 
“bT lo”0 
“lrT 1100 
UAT 12on 
“AT 13013 
iAT 140" 
UAT 1son 
UAT 1600 
DbT 1700 
UAT lRO0 
DAT 1900 
UAT 2oon 
DLT 210" 
UAT 270" 
DA, 2300 
DAT 2400 
"AT 2500 
UAT 2600 
DA1 2700 
OAT 2ROO 
"bT 290" 
UAT 3°C" 
DA1 3100 
UAT 3700 
UbT 3300 
DA1 3400 
UAT 35"" 
UAT 3600 
"AT 370" 
UAT JR00 
UAT 390" 
OAT 4000 
DA1 410" 
,,A? 420" 
OAT 4300 
OAT 4400 
DA1 450" 
"AT 460" 
"AT 470" 
"AT 4800 
OAT 49Ofl 
DA1 5000 
DA1 5100 
OAT 5200 
i,Al S30" 
,,A, 540" 
OAT 5500 
"AT 5600 
UAT '570" 
oer 5*00 
DAT 5900 
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SUBROUTINF CrPUfC HfHbN* HC, zsua”, WPYF, TFMP, S”kwr nx, H. GCI 
C 
c CQMPUTE li reHPi,IES TXk ScbTTtRING LQSS FRQP IHE 53IIHCE TR P 
c SCATTtRING PB,hT (-iLlI. H AN” S”VS THE Ei3LllVAtFNi INTtNSITIFSr 
c l***fkt11*~. 
C 

C~WMWN/SSSQATA/I~U~~~~UN~~,L~,~~UN~,~~,~H~Q,~~:~~,~U~~,C~,SSUSS 
NR i HA~*SCHTFI~C),SQRTF(R,.~C,C3) 
QUA!, = hR 
IF~"UAN.LT.l.> O"4N = 1. 

5 R 5 HA~,,lOOO.~SURi~13,*HC)) 
R*N i RbNllrlOO. 
ZS"RfJ i SOH7FfzS"UOIHC> 
LEE = .I 

H 
H 
H 
H 
Y 
H 
x 
u 
x 
x 
” 
H 
>I 
H 
H 
+I 
k 

PSURS i ~.Z~*S~H~F(WAV~*F~~~~~/SQ~,F(~,*UC~ 
EXP i 6. - l2109.I(TtHP * 459.6)) 
FSURT = 1*23*lO*r*tY~ 
ALPHA = .651.FSU~T.FHF*~~7,LF~~Q~.2 l FSUPT..Z) . .DZhY.F9EQ**LIFSu 

*UBT u 
GDFZ = . l'lC.**~2.3*~ltE - ZS~JBO)),t(FRtnlP~.1~~[i*/3~~ H 
FBFZEE E ,4*1O.**2EE x 
FQF7suttn = 14*lU,'*2SUt10 H 
FBFZtD = ,4*lO.*+lLEt - ZSURO> x 
FACTOR 5 ~FHtQ/~,)**~l,/3,l H 
lF$FXED.LE.R,> FACT@H = 1. x 
keF220 z (Fe'FZEk l FWZSUHO l FRFZtRk'FACTBR H 
AS"H1 = (2, - 2tt - ZSURO)/4, H 
IF(RAN.ct.XSLBl> fib TN 1 N 
TLI E Z~,,*ALBGlO(HAN~ + ALP~4A~RAV . G4F7*F,RSLHI + 60. H 
GO 73 3 c, 

1 1FcR,Gt,HS"P1 + .?I &GI TU 2 H 
T&l = ZO,.ALOGlCCHANJ + ALP!+A.RA: l Z..(R - R:~~~R1~*H&IFFZR l $1, - H 

Azt*fR _ RSUhl)P.GRFL + 60, Y 
GO TQ 3 H 

2 PRGl = fXS”c;l l .5l*Sf>RTCf3.*++~> 

,Ll 5 l",*ALEGlCfHAN) + RbN.fbLPtib l ASlWSl + HIlF22R - PSUSS.AROl ,” 

1, IO,*PLOGI~CAH~~> * 00, M 

3 x 5 -1c1 - TL2 l SSUBS l J3,9R - QUbN*1.64*SQHIFfWAVE*IRE3*3.) H 
H 

H 15 INCRErENTkC BY I:*AL@Ol0(2> FD+ SCATTFRING PO,k',S DFF TUt n 
C CENTER LINF 10 ACC"""IT FRK THE PHBPAGA,lNN LESS l~i(c'M THE SYk,Yt,RIC U 
c SDUARE QN ThF F,PPWSlTk SlbE "F~ ,ut CFNTEP Llhb. x 
c H 

lFtNY,NF,ll h = H + 1O*ALOCIO~L.~ x 
sunr = S”tiH l lC**fhllO) bt 

RAN i l"O".+RAN n 

EhU H 

oion 
ozon 
a,Torl 
04a5 
o*off 
am 
0100 
OR00 
09un 
lODO 
1lOD 
17on 
170* 
1406 
1500 
IhQO 
lnia 
IRCJO 
190* 
200" 
?lQfl 
2700 
23l?o 
2405 
25QO 
2600 
270s 
2R00 
2900 
Jl?OO 
310n 
32#8 
J3Q1, 
wan 
35ffn 
3nan 
3700 
3*&R 
3900 
4ffOQ 
41on 
4700 
4350 
4401) 
45&O 
4600 
47ot 
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S"BRQUT,Nt TA*LklMX) 

TARLE PRINTS (3I.T VnLiltS c1F H, IoLclC(SSUBS), AND AUGkCVH LU 
TAPULAR FQrH. 

DATAfl x loo,, lL,lVF = 21) 
DATA, N = 0 1 
IF( 1 - 10" 15 , 7 

7 PRINT SC' 
300FORHATt 40X , 

19x , lH3 , 9x 

TAR 1lOn 
7AE 12On 

5 

:: 

40 
41 
42 
44 

I= I - 100 
[=I+1 

TAH 1300 
l*M I/ 19~ , 1~0 I 9x I iH1 8 9X I lH2 I TAH 1400 
, 1H4 e 9X , lH5 , 9X , lb6 , 9X , lH7 I 5X I iHN /)TAB 1500 

TAH 1600 
TAB 1700 

K  = 1 
ARiiAYkfl) = b TAH 1800 
ARRAYS(,) = SSURS TAB 1900 
ARkAYAf,, = ANGVCVR TAB 2000 
IF ,,.tT:.HX) G0 TO 2; TAB 2100 
RETLIRk TAB 220b 
1=0 TAB 2300 
hlSN*l TAB 2400 
IFlMX.tC.B.Ah~.PHHA~S~b~.~E,-60,~ K  = 0 
n c M Y  . I( 

21 

TAB OlOn 
TAB O?On 
TAB 0300 
TAB 0400 
TAB 0500 
TAH 0600 
TAB 0700 
TAB OR00 
TAH 0900 

PRIWT 411, (PEHAYHIJ), J = I, M) 
PR*tdT 41, td. (AHHAYS( .I i 1, 1) 
PRINT 47. (LFHAYA(J)I J = 1, H) 
LliE = ,iNE + 4 
IFlLINE.GE.531 PRINT 44 
lF(~lNt.GE.53) LWE = 0 
F~HMAT(/, 13X, 3w I 8ffH,2#2X)I 
F l lAMAT flX.l5,3L,7HSSUHS ,RlF.S.2.2Y)l 
fBRHAT(7X, YkANGRCVH s RfFP.7, 2X)) 
FORNATI¶HI) 
END 

TAB 2900 
TAB 3000 
TAB 3100 

TAB 3200 
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SUljRO”TlNk Pk115 ME> 01an 
c Am 07an 
C Ares CQHPUTCS *hRTHtd veiue F”” x1 USIMG THE )1t+QS rGRMIIL1.TIRus. *nQ uson 
c 

COnHBh!,ebuY,br IWHC> LEE, HPh, iREl. ShVF, TI,Y’ 
REAL LO’S1. LUSSZ 
FRED i Ii~ob.*FilE!l 
*LPI+*5 i J.%B*S!JkTF~~hAVt*‘HFO/~3o~c 
R i He~,fS”“IF(3,rH)*lO”OI) 
zz*o = 7sutiir 
ZSUR” i s,a?ib tz911w31h? 
LEN!? : 7tt 
ZEt i SrRiFIzbt/H) 

LW 0400 
*ml 0500 
*Y&i go*0 
APO 07030 
&NO oRa* 
*we WOO 
AHO znan 
AN% 1150 
pi++% 170n 
*WI 1305 

2 
3 

LFU : LFk - LSULO 
CRtOQ : (iHi- G/250”0.l..~1,,3.~ 
1FiiED,Ci.l,, ti” 18 2 
GGFZtE i (.1*15,‘.(2.3rZtl~)lrFRE3B 
GE 7% 3 
G%FZED i Zo.*F~HtOS 
FDF7tC E .r*lu.**ZEn 
FOFZEC i .‘l.lu.*.Ltt 
FOFIO = ,4.*O..*LS”H’ 
)+Of-Z i F$FZbT. l bol7tt + FDF%O 

~FfFRFO.LT,hODQ.~ GN TN 4 

nno 140” 
*Fe 1500 
*Erg 1650 
Arm 1750 
A++@ lROQ 
bV% 1955 
,&HO 2000 
P,Cla 215n 
IF% 2255 
PHW 23115 
br@ 2400 
In% 2500 
lVN 2*un 

H%FZ i r#FZ*cFR~W/Mo:~.~~~~i.lJ,) 

4 POWER = 6. - ~Zl”Q.,~TEHP l 459,bF) 

FSb@, i I,P3.flU,‘.~~dEVl AHO 2705 
p 5 (,0~,~,(t~~t:~/~55~,)**~}.~~u~r/~lF~E~/155U.~~*2 l ISUBT”2)I + AH8 2A55 

..o209.~FHt01150’~.~**2~Fs”~~ *w zwa 
IFIZStfL~r’,GT,l.) GG TO b lb+0 3nQo 
IF(ZEt.rT,I*I c.‘;I TU 5 
RSURI = L2. - ztt - ISU8lJ>/4. 
cm 7m 7 
“,, .” 

5 RSUB1 i I$* - ZSUHO~/4. l SnHrF~ZFt**7 - i*l/S, 

GO TB 7 

b 
7 

~~“81 E ~~g,<,~~zsu~~r-z - i.2 + SOPTFIZFE”? - t.))/5 
Y&L i AFSF~d.*Z~N’~i - $.*H> 
OL;A i ArSFtJ.‘L2UO - s.*tt> 
TEST = 721 - SORTF~VAL~ - S”RTFCDIIP.I l 5,*RAN/iRQQ. 

1FtTtSi.lb.n.t TUT = 0,v 

&QSzjZ : Z*..AL8blucHe~:l l ~.[H*N,f”n”,t l lCS~*FREQ6 

IF(R,GT,HStJk1) :rl) TI? 10 

I-QSSi i z”..AlGGln~Ckb t * f+r~a~v,,o~o, > + Gl~F,EI~‘R/~SLkw 

iF(ZEt.1F.~,~4hl’.:SU~i,.Lt.l.) GO ‘Q B 
IF(L$SS, - LFSS7) 8, 9. P 

l *..m - HSUHI .Hkl)FZ l 

P,hW 3150 
**w 3POO 
A.HQ &r5n 
hw2 3400 
L.lr% 3580 
AW% 3b5II 
,t.rQ 3700 
*v&l 3Rnn 
IhI3 Jvon 
are 4500 
&*)I 4155 
kF+% 42PQ 
4V8 435n 
et% 4400 
*rs 4555 
*wi 4601, 
AC0 4700 
irY-% 4ROO 
PYO 4950 
PM+ snoo 
riV% 5100 
*NB S25D 
1W% 5JQb 
In% 54lJn 
PW 5’50 
ANO 5hQQ 
*pIi+ 57511 
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15 
I? 
lb 
PO 

GO T8 1,. 
IFCPLQSF. - LESSc) lb, 17. 17 
PL%SS i LOSS2 _ 
PR,NT PD. FLESS 
F@Rr&,(5X.PtgS FUHHULbllO~S GIVE *,F5*1s* 56 LOSS.) 
RETUHF” 
ENU 

ANO 580” 
*pit40 590” 

AM@ 6l’OQ 
AHQ b1On 
AfiQ 6700 
ANQ 6300 
&HEl 6400 
A M %  650” 
b,WQ 6600 
AH8 b755 
bl”Q bPOfl 
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ENTRYIlNlTPTPP,PTSP L 
LJBRPRY? FICPHPFLE. 
f&t!+15 C”WW HLhCK GIVtS THESE iW@ VALUFS T” SVPRkfiUlJuE CWUTE YJ 

NR0FDEPTHS I BT,CBhC,MIHD, 
DkPtn TPRLE#PTceuDl. GZSOUYDSPEEJI TARLF(ROO), ASU%~lNE#PITARLE I8551 s 
ASU8TW@~A2TIPLElhO5~, ~S”6TH”E~~)3TI%LFfAOn).rll 
IY DEPTH@ 2 slr!<l* = s*DQQ:.DQQ”o, 
RECEIVER DEYT~ ~CVH D~PTHZ ZSUBHC i 555nnn,noaoD, 
RtCtlYEK HdNGE i 50505n,O:oO, 
MODE.ANG. 
NR 8F PlSL NllBR CF lilSr 
f#PPGt F5273-2) 
I: OF SBURCEL TX SEUhill SPttli = O”“O,OOD(I. 
iWE DliEiTl~k, 
nODE ~YUHRER = DO, 
RINGEf XIZ)=n*l~, 
DERJvATJvt~ nc21=5’5, 
RANGE S,GN % RS f2Xr 
DERJVATIVE SIbN# CS(%), 
EPSJLBk, 
DELTAV=oo50.n5oO, 
CASt hUMBERg CN. 
VRR 16>, 
YbLGClTll “c7J’o’o. 

U *AX% fiAYl,40&, VFLBCTTYs JNJYL. 
INITIAL V~LW~~TY=OOOU.OO~G, 
HAXVOhPRRFJLF~OO~~O.UOOOI MAXPR~FJLF*EPTH=OnO”,~~“*, ‘1. 
CHXZTA6 flVOP, 
CHT# c HAY ratiiLt (1001.* 
fiAJh PRQGHAh DtfiFhSJ!!lNJNG:.. 
lNTtPVAL Sli!F=4.0 , 
ATTrY FACTOR, FS”... 
J~ITPTsPI~~.~~TxI~EPTH. l.:*37lR~, 

FLAG = 0 : RwaeFLt n n 
41421,25341V~AX, l.U*-SIEPSILU”, PRQFILE LABEL* 
CGHPVTE ATT& f4CTOR, ~4 OF DEPTHS -1 t NR OF AIS. 
HDEPTklHCYRDFPTY, 
SEARCH, NXOF&lS~l‘6TT~lM JhDEx, C~PQTTON JMDEXlIRQTTW VELOCITY. 
~NAXVO~PR~FJ~E-J~~TJAL~~L~C~TY)/INTERVALSJ~~~D~LT&~, 
IWR*lkFD, 
CITBJ) ,,xSNDSPD,TXSBUNUSPttn, CIRPIIIRCSNDSW, 

END SF RUN*.. 
LSTViNCFLAG* 
NEW NDDEZ 
l lNlTIAL VELPCITY A FPSJLBN + V l PELTA V I VllJ. I 1 N@SE)Lr 
OILSTVINCFLA~, 
n%DE 6 5s 

- L I HBUF DlktCTI(?lv# B MQ”E B 1 HBnE NUHPERn f% IIP> 
1 , n0Pt DIktCTlWN* MOM I MODE NunRER- tf DRWNI 

TRACE RAY f”, De kAk;t, DtR,“ATJ”E, RANG6 Slr,N, DEhJvATlYE SlGV)r 

PIPnDtOD 
PTPU5?5O 
PIP55350 
PTPQQ*&U 
pTPa5555 
PTPOO*OB 
PTP**mQ 
PTP*5R55 
PTP00900 
PTPPiO5U 
PIPOliO 
PTPVi?OQ 
PTPafm5 
PTPOl458 
PTPQ15QQ 
PTP51655 
PIPV17VV 
PTPQIROO 
PTPl?lPDO 
PIP02000 
PTPU215(l 
PTPD2200 
PtP523oD 
PTP52400 
PrPnzsaa 
PTP52655 
PTP52700 
PTP52R5O 
PTP52POO 
VTPQS55D 
PTPOJlOO 
PTPQJ?QV 
Pva3355 
PTPV34OQ 
PTm35an 
PTPO3SOO 
PTPRJTOV 
PTPa3805 
PTPOJPDO 
PTPa45sD 
P?PO41 off 
PTPQ4700 
PTPO4355 
PTPR44ftV 
PTPOISfJ5 
PTP04hOO 
PTP54TDrl 
PTP54Ro* 
PTP5495* 
PTPOSODD 
PTPD5fD5 
pTP552a5 
PTPO53Ofl 
PTPW455 
PTPO5500 
PTPMhQft 
PTP05755 
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DETERNINE CASt# PTPO5ROO 
TRACE RAY (",I,, on KAI~GEII,, "ERI"AT,"E 111. RANGE SIGN 111. nERIvAlIVPTPO5900 
E SlGhlllI# PlPO6~00 

PlPOhlOO 
PlPO62Ofl 

KAY TRACE HATKIY (HS, HSfll. D'S, Dslll- CASE NUMREHI. 
CASE SWITCH ICNI, 
CASE SWITCH: 
CASE 0. 
CASE 1. 
CASE 20, 
CASE 31. 

PlPO63On 
PTPO6400 
PlPO6500 
PlPO6600 
PlPo67on 
PlP06ROO 
PTPO6900 
PTPo7oon 
PTPO71Ofl 
pwo72on 
PlPO7300 
PTP07400 
PTPO75Ofl 
P?PO7600 
PTPO7700 
PlP07R00 
PlPO7900 
PTPOBOOll  
P1P08i00 
P1P08?00 
PTPOB300 
PlPO8400 
PlP08500 
PlPO86OD 
PTPO8700 
PTPOBROO 
PlPO8900 
PTPO9000 
PTPO9100 
PiPn92on 
PlPO9300 
PIP09400 
PIP09500 
PTPO9600 
PIP09700 
PTPOPROO 
PTPO9900 
PTPIOOOO 
PTPlOiOD 

, PlPi0200 
PlPlO3OD 
PTPiO400 
P1P10500 
PlPlO600 
PIPi 
PTPlOROn 
PTP10900 
PTPl lOOO 
PTPIl iOO 
PIP11200 
PTPll300 
PTP11400 

CASE OL NEXT INCKEHEWT. 
ISPAGE F5273.5) 
CASE IZ 
CASE I FUNCTION Iv, VIII0 R, Kill, RS, RSllln VRR, VRRI~I)I 
TRACF SBLUllf iN RAYS ("RR, "KR[l]r), NEXT INCREWENT. 
CASE 20s 
CASE 20 FUNCTION (v, Vlll. K, H(iJ, RS. RSfll, US, USIll- 

VK%, VHhlll, VKRl2l, VnAl31), 
"RR 5 0,. 

hEXi~ ]NCRFMENT.” 
TRACE SOLUTIF'N RPYS LVKK, VRKIII-1, 
TRACE SBLUTIPN RbYS IVRR121, VKR131~~, NEXT INCKEHEYT. 
CASk 312 
CASE 31 FUNCTION (v. VIll, H, Rlll. AS, QSfll, DS, USIll- 

VKR, VFKfllr VQRl219 VKK131, VKR141, VKK1511. 
TRACE SDLUllPk RAYS (VWK, VKRIl]..), 
VRR 121 = o* 

hFX1 INCKEHENT." 
TRACE S8LUTIPN RAYS (VUH12,. VRRIJ,"), 
TRACE SaLUlIflhl RAVS IVKR14,. "RR,5,n), NEXT INCKEMEdT, 
(#PAGE F5273.6) 
NEXT INCREMENTZ 
VIII I V  l DFLTA V I V  111, RANGE 111 1 RANGF, 
DERIVAlIVEIlI I CtRIVATIVE~ RANGE SIGN [il 1 RANGE SIGN, 
DERIVATIVE SIGN 111 I DERIVATIVE SIGN, 
VI11 ‘ MAX v ON FKBFILE* 

DETERHINt CASt." 
LSlVINCFLAGsnZ 

IILSTVINCFLAG, HAXVBNPH~FILEIV(~], 
DETERMINt GAS&,* 

LAST VINCKEMFNT~ 
TRACE ii? cvrnx; O- HANGFI11,. KPNGE 
RANGE SIGN I,, = KANGE SILNZ 

ENU OF Mont." 

SIGnIll). 

CASE i FUNCTION (VI VMPX.  K, R,I!. 
TRACE SOLUTIPN RAVS IVRH, VHR,I]-, 
END OF MBDEr,.. 

RS, RSl1lc VRR, VKRlll), 

TRACE SBLUTIfiN RAYS (" (2). R (2,. 
AlTh (2,. PROP (2). ANGLE. DV 12) : 
-TRACE KPY~v.I-R)~TRAC~ KAY(VII~.~, 
(RECEIVER RbfGE - K) / ih 111 - R) 
1NlERP (1s TFKP, Y, V  [ll" V), 
TRACE HAV Iv, I- n, ov,., TT, sL, ATTN), 
FIND ANGLE (V* AluGLE). ATTN l SL I PRBP, 
0 I NOSOL, 

11 121, SIP (2). 
: Ol", lSl'HP,)# 
'KIllI. 

I TSTFMP, 
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FINU ANGLE (V. AhG,)< 
-1X SBUND SPFED / V 1 A&G, ARCCOS (A*JG- AN&), 
ANG l 5?,2957?95 i AUG. 
IPIlEsP IRAllc. X (2), VALSL .KAl,B l (Y 111 - Y) + x I V&L* . . 
DQ=OO,H~=OO,YY=OOOO,L0NG=~~O,OO,LAT=flOO.OO,i~~~~l,UT~0=OOO, 
ORIGCZ) i t#AAAAPAt, 
D0NC %UFF=OOOOOO, 
MTHD BUFFsGO, 
FREGUENCY = oOOO”,OOC.- 
PRBF ILE LA%El L* 
DAY,DDIHONTHIHH,“~ARIIY,LBNG 
bTlBTk0, ~RIGI~ATGHI~KIGI 

ITUUFIL .BriG,LPTITIIDf ILAT,! 

0RIGINAiOHI;I I Ekltifli. 
DWCIUQNCBUFF, HlhU I !(lHUHUFF, 

,-PRtNlEKe,n 4-i POItilYI 10% POINTS R&I% TRAClNG >a., 
‘4 PR0FILES IWFOCYATION >a. 
<*?DPTE>IHHIflD>YY, 
<<1LaTITUDE>?LAT, 

DNBIID, 

<~?LOhGITUBtrBLBhG> 
~~?1D%k0.~lD¶ 
<<0RlGI~AT0H,S0RIGI0”IC[ll,,r 
PDPROlNF”t* 
,‘~<cAY$v$~N”PR~F ILE b$~MPXVONPROFIL EB 
•~BEPTH~~F~~~xBvPEN~P%~~F ILF%%>NAYPR0FI 
c<lklTl~LYVtr 0C1lIY%~1NITlALVtLDC17Y, 
sgQELTA$VELOCITYB)>DtLTIY, 
~<INTERVALBSIZES~~INTt4VnLSILE,II 
C0NPlJtE ATTN iPCTER# 
-FRED l FREO , FSG * O.O4 1 14100.0 t 
I ATTN FACT0P‘t. 
7 
(#PAGE F5494.1) 
RANGE HAXI”UrZ KY. 
PAlk LENGTH. 
MBDE C0UNT, 
C0S THETA SUFOv TAU THETA SUHO. 

LEDEPTH> 

FSD) + 2 ,75 * -7 l 

TENP (51% 
UP @R CBLlNl b&r LC,r 
LBI‘ iSl# (SLF)WFH AND UPPER BOUNDARY INDICES) 
VERTEX FLAG, 
ZR FLAG, 
b’EUhCE FLAG. 
m;““” FL&C, 

, NADIR, 
ABI* NiPI+ (#APEX AND 
30llRM INDEX, SwFAct 1NTi 
HALF CYCLE F, PC, 
RANGE TABLE tlQUs. 
TRAVEL l!ME TAHLk (1;O). 
UERIVATIUE TabLE (103). 
PATH LENGTH TAbLL 113”).- 

NADIR 
:x# 

INDICES1 

FSIJ 

PTPllSOD 
PmfhaQ 
PlPii705 
PTP111100 
PTPiivaO 
PTPl2QQQ 
PlPl2fOO 
PTPI22aQ 
PTP123QO 
PTP124DO 
PTPi25OQ 
PTPI26OD 
PTP127OO 
PTPlZR5b 
PlP12PDD 
PTP13OQQ 
PTP131DO 
PTPi32QO 
PTPl33QQ 
PTP134OO 
PTP135OO 
PTPi36DD 
PTP13TI)O 
PTPISRQQ 
PTPl39QO 
mwQaa 
PlP/C~VrJ 
PTPl4ZUO 
PlP143QQ 
PTPt4400 
PTP145QO 
PTPl46OO 
PTPi4TQO 
PTPlIRQ6 
PTPl49Drl 
PTP15QQn 
PlPISlOD 
PTPf57QQ 
PTPl53DO 
PTPl54aQ 
PTPi55OO 
PTPf50@0 
PTPs57QO 
PlPl5ROO 
Pwiwaa 
PTP$6ODO 
PTPldlUU 
PIP16250 
YTPl63Off 
PTP164QQ 
PTP16500 
PTP166QQ (*PAGE F5494.2) 

TRACF RAY (“. S0L.LiIBN FLAI;, RANGE. DtRlVATlVE. PIP16700 
HANG? SIGN, r&HIVaTIUE SIGEI. TRAVELTIC. SPRn LBSS. ~TTSrdllTrB\L,lf PTPL6RQD 
-0 , RANGE I LrERIYPTI”t I M0DE C”“NT 1 HdtF CYCLF FLAG 1 APEX t YADlR IPTPl6900 

NRI PTPlTflUO 
, VERTEX FL&c , hE”NCE FLAG I LRFLAG I ZRlSTlNC FLAG, PTPll$QQ 
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, TWAVEL TIHP , sLHfncE ,NDEX I PATH LFNGTH, -I I AAI, 
” = TX S0”NE SPET-CZ 
FIND OlRECT!“N* 

” a CM1 ITBI - 11% 
” SC CFIT llbl l 11% 

- 1 I M8CE PIREClI0N- ERRRR ,NG,- (*NADIRI 
” > CHI ITHl+ll# 

1 I H0UI- UIHECTIk!Nn ERR0P INC.” (ZAPEX) 
1 I ZR FLAG I LHISTINC FLAG, 1.O I COSTHETA SUBO, 
O I TANTHFTA SLiRO, CBEIT.” 

C 0F SOURCE , ” , CBS THETA SUBO, 1.0 , C0S THETA SUBO I 
TEMP - 1.0 I TEHP III, SORT ITEMP lilr TAN THETA SUBO), 
CiNTL -‘- 
,,0DE U[RECTlr)N I LP 0H U0WN = I# (%I, E. OBWN) 
TB, : B0TTBM lNDEX% 

-UP au D0WN , LP OH “0WNl UP, D0WN.- 
TBI = 0% 

-UP BR 00YN I LP aR DOtiN, DAWN. UP.” 
DPLIN: 1’31 I LPI I LO I HI * 1 I UR,, CONTl, 
UPP TBl I URI I LB I HI -1 I LB!. 

CPNT,* 
ZRISTINC FLAG ( O# - UP OH “OWN , UP 0R n0WN-” 
LLPAOE F5494-31 
NEXT LAyFHZ 
UC 0R D0WN E 1% 

L;II i RBIt 
INCRiiSE HCCE CBUNT.n* 

“9, I R[1,# 
INCREASE H0CE C0UNT.l” 

CWNTINUE TPACING, 
INCREASE MODF C0UhTL 
HBDE CDUNT l I I t’0OE C0”NT’? NUMBER* 

CBNTINUE TRACING’ 
HALI _.__- : CYCl E  F,.AG ( 0% 

BRIG,- 
LOI ? LB I “I., s kl% 

BRIG,” 
SDLUTl0N FL ,AG a IS 

C0”P”TE RANGE (VI LH,, SULUTIRN FLAG” 
RANGE TABLE ILBI 1, OEHIVATIVE TABLE lLBl1, 
TPAVEL TIME TABLE ILttll. PATH LENGTH TABLF ILAII, VER 
COMPUTE RANGE (V, LIjl, 0.. RANGE TABLE tLBI1, 
DERIVATIVE TAPLE ILHII,,, VERTEX FLAG)” 

IIPAGE F5494-4) 

SET SIGNS.* 

ZRlST INC FLAG t OL 
0 I ZRISTINC FLAG, 
MODE OIRtrTI0N = iz 

HI l 1 I HI I Lll- 
WI - 1 I HI I Lo- 
BR1C.n 

bP OR D0WN = 1s 
HI l 1 I tl1- 

LO - I I L8” 
VERTEX FLAG = 02 

RRIC,” 
UP au DBWN i 1s 

TEMP * 

‘TEX FLAG,* 

PlPi7200 
PIP17300 
PIP17400 
PTP17500 
PTPl7600 
PTP17700 
PIP17800 
PIP17900 
PTP18000 
PIP18100 
PTP18200 
PTPl8300 
PTPlB400 
PTPl8500 
PIP18600 
PTPi.3700 
PTPIBROO 
PTPIOPOO 
PIP19000 
PTPIPIOO 
PTPl9200 
PIP19300 
PIP19400 
rTP19500 
PTPl9bOO 
PTPl9700 
PIP19800 
PTP19900 
PIP20000 
PTPZOIOO 
PIP20200 
PIP20300 
PIP20400 
PTP20500 
PTPZObOO 
PTP20700 
PTP208OO 
PIP20900 
PTP21000 
PTP21100 
PIP21200 
PIP21300 
PIP21400 
PTP21500 
PIP21600 
PIP21700 
PIP21800 
PIP21900 
PTP22000 
PTP22lOO 
PIP22200 
PTP22300 
PTP22400 
PTP22500 
PIP22600 
PIP22700 
PTP22800 



28 H. N. VAN NESS 

1 / NAPIR, Lb1 I N"1 5 R"IS 
S%LLTION fL*K<Oz kC”K r?“TSIUE.- 

NEXT INCREMFNT.“- 
1 I APfXi LB1 I Aal P HBl% 

SBLCITtBN FCAC(OZ HCYL! uUTSI0E.n 
NEXT INCHtNtN1.n” 

CON1 VERTEXI 
APEX i NADIR 1 tlc:L”rCt FLAti = 1s 

1 I HALF CYCLk FLAG*” 
0 I VERTEX FLAG. 
BYPASS RANGE INC”ttiEuT CflMP”TATIONs Ra,Ci 
RANGE + RANGF TArLt iLU,I 1 HANGF , RA.NGF WAXIrUM 

hEXT INCFFHFNT*” 
2R FLAG 4 0s 

ATT.” 
S$LUTiON FLAI: tot 

PATH LENGlP + PATw LENbTk! TPRLE ILa‘ll t PATY LENGTH-- 
DERIVATIVE TABLE [LB1 I * UCRlVATlVF I OERlYATIVE, 
ATTt TRAVEL TlME + IPAVEC TI”E TABLE ILeII , TRAVEL TIHE. 
(#PAGE F 5494-S) 
UBI 5 ht)! 1 i~til : AdIZ 

MCAVTX. C%RPY hAS VERTtXEnl 
UBI > 813TTrrM IuDtXZ 

APEX : 1% 
1 I HA&l CYCLtFLnG-- 1 I “R”NCE FLAG* RHB, 

LB1 5 SURFACI INtitXL 
hA,ClR i ll 

1 I HAlf CYCLE iLAG-- 1 I HElUNCE FLAG, RUB. NBRR”.. 
R*E* 

(PRAY LAS k6kO+Ctl>> 
RANGE TARLE ,LHli + YANGt 1 RA”~GE, 
DERIVATIVE TAtiLk iL5lJ + IJFHIVATIVF I oEarvnrIvt, 
SBLh,TION F,~AG < I,# 

TL~AVEL Tlvt l i@AVtL TINE TABLE ILdll I TRAVEL TIME, 
PATh L~~GTX + PAT* LtNGTH TAHLE !LaI, , PAT!- LENGTH--- 

ttM0nE CI;I”NT PAY htEU T@ ?dti INCRFASED IF RAY HAS VERTEXED 
THE RECE~VEK DEFT* ~iEctsbTIbTrNc THIS DO~WLF CHFCK ~::HICU 
AT THE ENTRY PDlhT l *Nt,.T LAYER.., 
RCAVTY1UOUt CHtCK A’ VEH IFXZ 
.“PnRDBWNIUFERD’kN~lZ 

LBI~RHIZh~OR”*“” 
UB,~QH,~bEDRY,“- 

r!onE CQuNT+111*0~F CBVNT,b+vnt hiit4UE9$ 
SET SIGNS.” 

NB EWNCE 0R VtHTtXZ N11tziR”I 
(LPAGE F5494-b) 
VP GH Df3YN i lf 

bSI I Lkil + 1 I U”I^ 
L”1 1 UPI - 1 I iri- 

NEXT LAYER, 
SET SLGNSf 
2R fLAG t OL 

0 I LRFLPG, 
TRACE RAY tYIT.- 

RANGF ? RECEIVCR kAN’;C$ 
1 I HAMGt SIGI- 

P?P22900 
PTP23DLlD 
PTP23rDD 
PTP2J2DO 
PTP233DD 
PTP234GO 
P’P23500 
PIP23600 
PTP2370cJ 
PTP23ROD 
PTP23POD 
PTP24DOD 
PTP24lGO 
PTPZSZBU 
PTP24JDD 
PTP2440D 
PTP245DO 
PTP24OOD 
PTP247DO 
PIP?4500 
PTP249DD 
PTP2SUffO 
PTP251DD 
PTP252UU 
PTP253DD 
PTP254Pn 
PTP2550D 
PTP25bR@ 
PTP25700 
PTP25trDD 
PTP25900 
PTP25OW 
PTP26100 
PTP252W 
PTP263PO 

RR BSWICED ATPTP264itlt 
IS DWE PW26500 

PTPZbbOU 
PTPZ~?Gcl 
PTP26%00 
PTP260OD 
PTP37000 
PTP77IOD 
PTP272DD 
PTP??30& 
PTP274DD 
PTP27YQ0 
PTP23frao 
PTP27?00 
PTPZ7ROO 
PTP27POD 
PTPZBnau 
PTP28100 
PTPZ%?O(I 
Pw283oD 
PTP2-3403 

-1 I RAhGl SiCh” PTP255DD 
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DtRIVeTlVE ? OL 
1 I tiER,“ATI”f- SIGN- 
-1 I DtRIbATIYt SIGh^ 

SBLliTION FLAG - I’?^ 
CQHPUTE SPAFADING LtiiSZ 
UP eu “QWN I: 1z 

TQ THF BYES 
THE 
PHIQR TO 

IcQHHENTZ THFSE ALT~INA~IVFS ARE RFVEI7SEn WHEN COMt’AQE,, 
IN THE RAY TuACt PHGGHAH. THIS IS DUE TR THF FACT TNPT 
LB* bkn IUMI IJAV~ ALR~AI)Y ti&tN INCI~FMEVTEII IDECAEHENTED~ 
TCIE MODE CQ”h~T C,.lzCK, ) 

c IUMIl / ” I TEMP.. 
CILAII/VITtMP- 

ARCCHS(TEMPnbNSRCVR) I AN~~HCVH.57.29~77951ANGRCVR, 
TEMP=l.O# 
TAACF RAY EXIT.- 
1.0 - TEMF . ,F,,F I TEMP, SURT (TEnP, TEMP,, 
5RANFE * ,,EHIVATIVE . TtMP/CGSTHFTA SJR 05 I TEMP. 
LOG ITEMP- TFNP), 10.0 l 1FWP I SPR” L”SS, 

CDHPUTE ATTtbUATi&N# 
ATTN FACTOR . PAT,? LtN;iTh I ATTENUATION” 
TRACE RAY EXIT. 
(#PAGE F5494-7) 
ERROR lNCL ,.FRIbTER on ~<YOUBHPV~$CHaSFNSA~RELITIVF$ 
MAXIM~H%OF~H~N[Hl~XO~5TH~~~RGF~L~>~ <<AS6vOUR5 
VERTFXPVELGCrTY.~>a 
TRACE RAY Eutl. 
RCVH ~ourslci; 
f:lT IS PBSSlhLE THAT THE RAY CBUL” HA”E VFRTEYt,, AT THE RECEIVE@ [ 

AND TWEREFBPt  IT Sh?ULD SC CHECKED REFBRE SAYING rti~ RECEIVER IS 
BUTSIDE THE lid” PAT*.) 

UPQRllQhN:l# 
OZIlI-RCVn ntPrHs~O.lL 

CDNT VFRTEX.*- 
SZ-ACVH lIFPTH~*O.l# 

CDNT V’RTtr.*- 
,~PHINltH~cIHE*HECtIVER61S$LRCbTEUREITHERSAG~VE$~R~ 

BELQ~STHESRAV~PAT~~~” 
TRACE HAY EXITXI,. 
RCK(4). 
RKE”, 
1 (2). 
Al. 62. A3, 
VSQ, 
ALPWA, BETA (2). 
REND. 
TANTHETA (2,. 
BETATS. 

PTP26600 
PTP28700 
PTP26ROO 
PTP2.390ll 
PTP29OOO 
PTP29lon 
PTP29700 
PTP29300 
PTP29400 
PTP29500 
PTP296Ofl 
PTP297Or) 
PTP29ROO 
PTP29900 
PTP30000 
PTPJOIOO 
PTP30200 
PTP30300 
PlP30400 
PIP30500 
PTP30600 
PIP30700 
PTP30ROO 
PTP30900 
PTP31000 
PTP31100 
PTP31200 

.AYERPTP31300 
PTP31400 
PTP31500 
PTP31600 
PTP31700 
PlP31flOO 
PIP31900 
PTP32000 
PIP32100 
PTP32200 
PlP32300 
PTP324Oll 
PTP32500 
DTP32600 r 
PTP32700 
PlP32ROO 
PTP32900 
PTP33000 
PTP33100 
PTP33200 
DTP33300 

29 

w311-i o*n, “OOT2 = 010, r 
CMAXlN LAYER.* PTP33400 
fiThIS FLBWCMART CONTAINS cBMPUTE RANGF FUhlCTIRNS 
UHlCU COHPUTF WAhGt. 

PTP33500 
DFHlVATlVE AN,, TRAVEL TIME) PTP33600 

ISPAGE F5494-8) PTP33700 
COMPUTE RANGF fV SUHX. TABLE INDtXITI, SF, RSUBI. OSllHl, TSUBI, PL SUBIPTP33ROO 
. VF)# DTP33900 
‘DEPTH TABLE ITII I LI DtPTH TAELE (T,*lI I 7111, PIP34000 
AlTAQLE Ill1 I Al, 
FIND ALPHAL 

~2 TAHLC ITI1 I A2, A3 TARLE ITi) I A3, PTP34fOO 
PTP34200 
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4,O * Al I TFMP, A2 l A2 t TEMP Ill. 

v S&HY *. Y SI’BY I YSQ * A3 1 TEHPl2), 

TEHP * fTEHPI2I - 1.0) - VSQ * TEHPI1) I ALPHA. 
cLThE F@LLFICrtNG Y LIWtS CHECK FOR VERTFXING REILlEEN LAYERS) 
Al 6 02 

VTl;r VSUMV z tfTI+lt I “SUBX * ClTlli 
N8 YEkTEX Ih LAWH. 
VERTEX IN LA.YEH.- 

-*2/(2.0 . Al? I Tt’iPtJI, 
2 c YEW131 s ZIllL” VIl. 
C MAY TAM,~E flit t C MAX IN LAYER L V SUBX# 

“ERTEX IN LAYEWZ 1 , “F- 
hB “ERI&X Ih LAYEHZ c I “F-- 

(#PAGE F5494.9) 
(ITHE FBLLOWING 33 LINES DETERMINE WHICH RANGE EOUATIW 
SXWLD PE USCUb 
VF a 0s 

Al > 0s 
1 t RENB- 

2 I REh5-- 
Ai > OZ 

UP BR n[“b!N : It 
3 ! f+ENDI 
6 I RfNb-- 

UP (JR rDMN = 1Z 
5 I RENO- 
4 I kENC;--- 

(*PAGE F5494.10) 
RANGESYI# 
FIND %ETAS# 
2ro l *I 1 T~tw141 * 2 + A7 1 @ETA, 
TEHP 141 I IIll + A2 I tfETAl>lr 
RANGE SWITCH lREi:6-11, 
RANGE S!.!!TChL 
RANGE EPUaTlahr 1. 
RANGE EOUATIDN 2, 
RANGE EPUATI(“b 6. 
RANOE ERUATlr;FI 4, 
RANGE EOUATInN 5. 
RANCF EPVATlfiN 3P, 
<#PAGE k-54947ii) 
RAbGE EWATI@h 1s 
RANGE FUNCTiI;h ;(V SUI)K, GTA, BETA fllr ALPUP- RSllSi ! 
RANGE EOUATlr-h 2* 
RANGE FUNCTlFN ZCVSUBX. HETA, BETAtllr ALPHA- RSUEII. 
RANGF EoUATI~W 3t 
RANOF FUNCTloN JfVSU5Y, tttTA, ALPHA- *SUPI), CE. 
RANGF EGIUATIPN 4L 
RANG-F FWCTIwk 4lbSb1Y, HETA 111, AtPeA- RSWI), CD, 
RAhQE EUUATIPF, 5s 
RANGE FUNCTl@hl 5(VSUYY, HtTA, ALPHA- RSURI), CD, 
RANGE EQUATION 3A8 
RANGE FUNCTIW JIYSWX, HtTAlll, ALPHA- RSWI), 
(*PAGE F5494-12) 
CDHP,JTE DEHIVPTLVEZ CDL 
VF i ii 

tP OR tlokt~ s Iz: 

I, CD. 

CD. 

. ,.-_ 
PTP344DO 
PTP345OR 
PTP346DG 
PTP34TPP 
PTP34BUO 
PTP34900 
PTP35OO6 
PIPS51 ua 
PTP35200 
PTP35300 
PTP354aa 
FTP355PO 
PtP356aa 
PTP35700 
PTPSSRPP 
pw359aa 
PTPS6OW 
PTPJdiDll 
PIP362DB 
PTP363fiU 
PTP3.6406 
PTP365116 
mm600 
PTP367Ol3 
PTP34ROci 
PTP369D6 
PTPST@PU 
PTPSZfD6 
PlP3??08 
PTP373a6 
PIP37408 
PTP37JUU 
PTP376ffB 
PTPSTTOU 
PTP37000 
PTP37PDb 
PTP35llOO 
PlPJ%lOb 
PTPJIllaa 
PTP383Db 
PTP3840U 
PIP38500 
PTP3#6#U 
PTP397DB 
PTP38RO6 
YTP3BOOU 
PTP390wl 
FTP392 UR 
PTP392DD 
PTP393UO 
PrP3?4aa 
PTP395UrI 
PTP396UU 
PTP397Pb 
PTP398au 
PTP399QLI 
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TAN ThfTA FLl”CT,k~N <*- TAN THETA), EFTA I REiA TS- P1P40000 
TAN THFTA fLNCT,ON (i’ Ill” TAN THETA), BETA [I, I BETA TS- PTP40100 
ZH FL&C ( cz PtP40200 
CBHPUTI: TRAVEL 1,NE.I PTP40300 

STAk TYETA Sl iBO l (RS”:4, + 4,O I HFTA TS / (ALPHA * TAN THtTb.))S I DSURPtP40400 
I” 

TAN T~kt.4 FUNCIIB~,~ Ii!- T4N THETA), 
tINIHFt*;“l 

,.‘<TANStHttASZtUB.,,, 0~82”- 
lAN t”ETA FUNClIBM (Zlil- TAN THETAIll). 
ZR FLAG ( Of 
COMP”tt TPAYEL TlWE.- 
-STAN THETA St50 * (HSUHI + lZ.“,&~!=HA) I 
(bEtAl~l/tAN ThEtA Ii) - BETA/TAN TUETA)) S  I D Sl!El- 

SF * O* EXIT COHPLTE RANGE.- 
(8 TRAVEL TI’E C@!“PUTED SINCE THIS IS A  SBLUTIBN RAY) 
CGMPl lTE TRdVFL TlFE# 
0.25,tAl * VqUHXI I tE”P, ALPHA l R,O*Al I TEMP Ill, 
;;O~*I;EtATS . T&h TUETA I TEMP 121, 

UP EH DOWh = 1s 
- TEHP 12, I TEMP 12)“~ 

TEHP I ITFWP 12) * u.5 l TEMP 11) I RsuRI) I T  swi- 
TENP l ~8ftA111 l TAN THETA Ii]- GETA * TAN THETA t 
0.5 * TEMP 111 l RSUHI) I TSUBI- 

(LPAGE F 5494.13) 
FIND PATH LEkGTHZ 
ZR FLAG ( 0: 

EXIT CWPlTE FANGE.” 
VF x IS” 

z Ill - 2 I PLSUBI * PLSURI 1 RSUt), . RSURI , PLSUBI, 
SDRT IPLWBI- PLSUBI), kklt CDMPUTE RANGE, 

FIND VERtEYIhG DtFTHZ F”“t 
s8LVE QUAD lh 1 (\I SUtlX, Al. AZ, A3n Rr)OTi, ROOT?), 
2 5 ROOT1 I 7 111: (ZCB,,PAR,SBN “1) 

z s ROCGT 1 s 2 Ill? 
up @,q nmwh, 1 ,r ,..-.,, . n. 

HBO 1 1 > RDCIT 22 
COOT 2 I z- 
Peel 1 I z-n 

RENT I > ROFIT zz 
Pl3OT 1 I z Ill- 
FOOT 2 I z Ill--- 

UP @JR newN < I# 
P0OT 1 I z- 
PO@1 1 I L Ill--- 

(#PACE F 5494.14) 
2 s ROOT 2 s z ,l,Z (*BEGIN 

LIP OR DBwr~ ( 1s 
RBclT 2 , z* 

(#END nf TRUE vi) 

FALSF “1) 

R0OT 2 , z 111-n 
DilLE CK Rnr3t.r 

FPL# z ,I) - z I PLSUB! l PLSUH, l ( 
SDRT (PLSUHI- PLSLRI). 2.3 * PLSUB, 
EXIT C8HPUTE RANGt. 
R081 ERRORZ 

RS11Bl l RSL 

I PLSUHI, 

, l ‘C ERROR ‘I IN $ PATH B LENGT,, S  ( 

JHl) / 4.0 I PLSUBI, 

>> :OYPUtAtIRN 

PTP40500 
PTP4OhOO 
PTP40700 
PTP4OROO 
PTP409OLl 
PTP41flOO 
PTP41100 
PTP41200 
PTP41300 
PIP41400 
PTP41500 
PTP41DOO 
PTP41700 
PTP41ROO 
PTP41900 
PTP42000 
PTP42100 
PtP42200 
PTP42300 
PTP42400 
PtP42500 
PTP42600 
PTP42700 
PTP42400 
PTP42900 
PTP43000 
PTP43100 
PlP43200 
PTP43300 
PTP43400 
PTP43500 
PIP43600 
PTP43700 
PTP43ROO 
PTP43900 
PTP44000 
PlP44100 
PTP44200 
PTP44300 
PTP44400 
PTP44500 
PTP44600 
PTP44700 
PIP44800 
PTP44900 
PTP45000 
PIP45100 
PTP45200 
PTP45300 
PTP45400 
PIP45500 
PTP45600 
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4 < B ,.> T !4 % R 0 I: 1 s ? IF) F $ 
-z< R0,61 1% i a RbbT 1, 
~<n0orzP=rREFT?>r.NExl 
DBLE CK RODTC 

“UPilHATIC $ ARE % 0UTSIEt E LAYER >a 

1IRle. 

%Z-R0Et1$,RCr, 
SZ-RROTzStRCwltl, 
6ZIlI-R&IOT1i.IRCK121r 
%ZllI-RffnT2liRC~lJI, 
HGK~~CKIIIZ 

RCK~RCKIZIZ 
RCX<HCYlJjl 

OIHHEY” 
3,H*tYn- 

RCK12lrHCKl31~ 
Z,H*tY” 
3IRYkY”“” 

RCKtll‘RCYt2,z 
RCKIIl<HCLIJI# 

1 IHiiEY” 
3fRKkY”” 

RCKI2I<C&KIJl# 
ZIHKEY” 
JtRrEI”-- 

RCKIWEYlcO,f#- 
R601 EOXOR. 

yip”““‘. 

SETRCK, 
SETRCXi. 

PTP45TOU 
PTP45PDb 
PTP459ffO 
PTP46am 
PIP4bIOD 
PTP4bzvU 
Ptp4bJDB 
PTP464DO 
PTP465DR 
PtP465aa 
PTP46?00 
PTP46RUO 
PTP46WB 
PTP47000 
PTP47IOO 
PtP472D* 

.PtP47Jcm 
PTPZ?ID[I 
PTP4,500 
PTP47WcT 
ptp47700 
PTP47ROcl 
PTP479Ob 
PTP4RUUU 
PTP4%IO& 
PTP4%2&G 
PTP4kxao 
PTP4%4Olt 
PTP4BSOO 

SETRCKG: PTP48cIOD 
;ETRCK;; 

EXIT C@WUTk HPWltf 

SETtiCK* RBOT, IlrfPL. 
SETRCKI#RBOT7tZ,FPL. 
SETRCK~#ROOT*IZI~J,F’L, 
SETRC~3~RBOTilLtllrFPLI 

PTP4BTOO 
Ptpwwa 

PTP497UU 

PTP489on 
PTP49CiOn 
PTPIP*o* 

ZRlSTiNC FLi% (Of 
0 t YF, -iiP Oh UO”N I UP OH D”WN, 
RZLRl , 2’.u I kSu*Ib TSUBI / 2-a i TSUBI”“S 

tsPAGt 1 5494-15) 
SyLvE Q”PD I* z L”? : 0.31 PlQ i 0.0, ‘320 = n*u, 630 = 0’0, RI, 92, 1s 
L4).>2 
*“I) . “Q , ,’ * 1s I 1s 11). 
4‘0 l TS I AtO l (TS * ASU - 1.0) I TS l71r 
1s Ill l P20 l A+S - TS l2t I IS 131 4 02 

CISC EHRkP.” 
SORT (1s 131” TS 131), 
-(TS * AZ0 - TS IJI) I CL?.” * TS . Al?,) I Rl, 
-(tS I AiD l IS 131) , $2.” * rS * Al>> h Q2, SQFX. 

DISC ERR?RI, I<>- C< t’lHOH h 1~ % PATH $ LENCTC X C@VpUtAtlaN 3) 
<< ” ) i > VP ><c 41 b i s AlO> << AZ % = BA70% << 43% =b A3W.r 
&NEXT C&Ink, 
SQEXI, 
TAN ThEtd F”*CTl+h (IlL. TTTS,)Z 
.VSG .(A1 . RZ I CZ + 42 * D7 4 A31 . 1.‘) I TTTS, 
SCRT tttTS- ITTS>I.. 

PTP44366 
PTP494~0 
PTP495OII 
PTP49CrJO 
~T~497Off 
PtP49RDO 
PTPIPP@D 
ptp50005 
PTP50k0R 
ptPSa2aci 
PTP5l?3DD 
PTP50400 
PtP505OD 
PTPSUCIOU 
Ptp5Qwa 
PTP50RUU 
Ptp509afi 
PTP51DOff 
PTP5iIOO 
PTPSI2BO 

7 PTPSIJOII 
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(#PAGE F5494-161 
"B(Z). 
"tl 57(21. 
"E TEMPfRl. 
P, G"ER TkB i 1.5707~6J266" 
RANGE FUk'CTIFhS: 
RANcjk F"NCT*FN I,"tE, ,(lZl. ALV, R.l# 
I"EE . F, ( vi. . "8 , "4 SG * &ILF I REIFMP, 
VEt . 811, I VHlll . V~,II I "n SI),~, + ALF I RtTEMp 111, 
SQR, (RE TEMP.- RF TEvP), SORT LRF TEM?ll l- RF TEMP[lI l, 
("B,il * RF Tt"F,fl~/~"8 + R(E TEMPl  I RE TFMP 121, 
LN ,RE,EnP,2,- R~lEMPi311, 
YEE l "EE l bl , RE Tt~P141, SORT (RETFMP[I]. RtTEEIPl411, 
1.0 , RE TFvp141 . HE TEMPfJI I H, 
R&NGf F"NCTlGmN 2("FE, tit?). PLF, H.l# 
*SORT C.PLF" UETtsYPl, 
"EE . R,~tTtvp / fiETLNP,llr "tk . H[l]/HFTEHP I PEIEYP131 
- "EE l VEE . bl I RkTtMPISI, SOHT (RiTEMP,Sl.. RFTE'IP[611 
RETtMPll l<l.PZ- 

VERTEX It LA*tR* 
wETECP~3l41,~~" 

VERTEX ,r' LAYtR. 
PRC S1N 1Rt,CMp(11.- ~tTEMPf211, PRCSIU lRETEVP131- RFTEMF 
fRETFMPi21 - RET~~Pl4111HtTEMP161 I il, 
, iLPPGE $5494.171 
RANGE F"hjcT,~.lly 3tYtt. il. ALF. H, )Z 
.“EE l B ( "F . "6 , "13 50 + ALF I HE TEHP, %"H'6 I "R, $ 

'1411, 

ALFS I RETEHP 
161, 
SORT (RETtMPr HE,tMP,l,Ir SORT (HtTEMP IhI- RETtNP 1211, 
("8 + RETE~Pfl l l /hETEMP121 , HETFMPIJII  
LN ~"ETEMPI~!- RtlEMP[4111 "EE . "EE * Al I RkTEMP151, 
SQR, ,RETEVP,S,a RFTkMPIhll,  
2.O/RETtMPl61 * HtlE*IPl41 / R, 
RANGE FUYCTIPN 4fVEE, H. AIF, R,l* 
*“Et l “Et . Ai / HtTtNP, SORT (-HETEYP" RETFMPIl l l ,  
SORT ,-PLF- PtTEIIPIZI), "tf . H,PETEMP,Z, I RETtHPl3lr 
ARC S,N (RETbMP(dl" ktTEMPl411. 
(PI ,.lYFH TWk, . HtltMPI411 . P.O,RtTEMPII, I QI 
( IPAGE F5494.18) 
RANGE FU~ICTII‘~ 5("EE, 14. AL~F. H,)#. 
-"Et l "Ft e ,!I / HtTEMP', SORT (-HFTEIP- HETFHPll l l ,  
SORT ,.ILI.. CkTE~P,211. "Et . R/RtTEMPI?l I RETtMP131, 
ARCS,?, (RETF!~P,J," REIEMPl4I1, 
fRETkHP141 . p, c.:VtR TN@) * 2.", RETEYP[tI I R4 
ERR Ih PHC2L 
..<‘~RR~~~~~~~HIN~~FE,~UAT~~~Z,~~A~CS~N~A~~~SGT.S~,OD~,., 
7" 
(#PAGE F5494-191 
RA" THACE WATRIX ("S,GIv till, 0 S,Ibl(Zl- CASE NLflHElr, ROW, C@LUYN, EN, 
CASE TdHLE (,6)= 2. 2. 3. 1. 0, 2, 1, I, 1, I, 2. 0. 1, 3, 2. 2)# 
"0 I ROW , Cf:LUMh. 
RSIGh = 9.Z" 

2 I unw- 
0 SIGN i IZ" 

RVW l i , RRW” 

R SlciN ,I1 = I*” 

2 I CnLUMh- 

PTP51400 
PTP51500 
PTP51600 
PTP51700 
PTP51ROO 
PTP51900 
PTP52000 
PTp52100 
PTP52200 
PTP52300 
PTp524Oo 
PTP5250O 
PTP526Oo 
PTP52700 
PTP52800 
PTP52900 
PTP53000 
PPP53100 
PTP53200 
PTP53300 
PTP53400 
PTP53500 
PTP53600 
PTP53700 
PTP53800 
PTP53900 
PTP54000 
DIP96, nn ._“_ 
PTP54200 
PTP54300 
PTP54400 
PTP54500 
PTP54600 
PTP54700 
PTP54ROO 
PTP54900 
PTP55000 
PTPS5100 
PTP55700 
PTP55300 
PTPS5400 
PTP55500 
PTp55600 
PTP55700 
PIP55800 
PTP55900 
PTP56000 
PTP56100 
PTP56200 
PTP563Oo 
PTP564Oo 
PTP56500 
PTP56600 
PTP56700 
PTP56ROO 
PIP56900 
PTpS7000 
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0 S,Gk (11 = 1z- PTY571ao 
CnC”rlrl +I I C”ILUMY” PTP5?2UO 

4 . CGLUMN + HPW I E’J, CASE TAG&F IENI , CASE hUNBERs., PTP573aLl 
7 PTP5740R 
CLRAY bC”IUSTIC - C&SE FLJNCTIONSI PTP575G 
(LPAGE f5276-I) PTP576OB 
ILTklS FL0UCCAXT CBNTAlNS THE,FUkiCTIRUS USED TR DEIEHHIM THE PTP577QO 
VERTEX “ELDL,TIES 8tTtittN ” ANU “ll, F”R WHICH A RAY WILL STRI#E THE REPTPS?PC!L? 
CEIYER) PTP579Q6 
RTOLERPNCt = ioo,o. PTP58OQB 
V TBLERANCE : I.0 * .2- PTP5BiOO 
CASE FUNCTl@rSL PTP58200 
CASE 1 ~“NCTIQQ (Y (2, = ;.O, R 121 - CT*“, RSIGN (2,. VP = ,D*O, V2P * OPTP583RO 
l o* PTP58400 
RP i 0’0, R2P = iuris, RP SION, R2 PSIGU)# - PTP585QLl 
FIND sDLuTIot.% PTP5860P 
,IlP L~NEPR I~TER~‘BLAT,“N MCiHBD ,S USED TO F,NE SQI.Gl5)N) PTP5B706 
INTERSECT PT t”, H, Y ill, K 111” VP), TOACE RAT (‘“PI O- RP,, *PSIGM>. PTP58RQ6 
RP SIGN i R SIGNL 

IhrTERStCT PT (V. ri, VP, RP- “2P). VP I V, RP I H- 
I”TERSECT b’l (VP, RP, ” III. R ill- V2P). VP I ” 111, RI’ I r) tit- 

” ( “2P < v Ill%. 
CIRZ (V 111 1 V) , 2.0 I VZP” 

TRACtWAY (“?C, 0” GZP,, H2PS1GNlr 
RZPSIGN E RSIb.N% 

“2P I v, 42p I R- 
“2P , v ,I), R2P I R Ill” 

(LPAGE F 5276-1) 
TEST2 
v 111 - ” 5 ” TQLtRrZ”Ct$ PIRW TEST R*NGES.- 
0 I.” - RECtlVER RANGE I N S <” TClLERAhlCF ? 
0 1.0 - RtCt,“tR XhNtt / H ,>I S < V TRtFRANCE% 

CIR, 
FIND SNUT)NN, 

NBW TEST HPkrtSZ 
0 RECEIVFH HbkTrE”RB c ” T*LE”ANCE I 
% RECEIVER HbNGE - X 11) b 4 H TCLtRA,vCEZ- 
” [II . ” < ,,” I -SF 

CASE1 tYil. 
CT@.- 

CASE 1 tYlT2 
v t VP, V 111 I v2pr 
IEiTERSECT PT (V. G. “1. Ri, ” INTERSECT!’ 
*(RECEIVER II&I&E Hb * (“1 - “I / tRi - R) + U I ” INTERSECT,* 

PTP409UO 
PIP59006 
PTP59iQQ 
PTP59706 
PTP5930+? 
PIP59400 
YTP545w? 
PTP596QO 
PIPS?706 
PTP59%00 
PTPSPPOD 
PTP6OOOO 
PTPOUiUO 
PlP6Q206 
PTPbQ3QO 
PTP6Li4QP 
PTP6Q500 
PTlW&bD@ 
PTP6OlOlJ 
PTPh(l0WJ 
PTP6QPQLI 
PTP610QD 
PTP6lI#P 
PTP6$?DQ 
PTPhi30D 
PTP614rzB 

CLPIGE f 5276.5) PTPbi500 
CASE 20 FUtiCfI”N (” $21. h (2). RSIGP1 (25, DSIGk I?,. YRR [4>. RR (41, PTP616Qn 

RP. UPSIGh, OP. DPSIGN. VP, PPZO. oPIG”P.>* PTP617Q6 
*RECYCLE 20% PTPbl3#U 
2.0 I PPZO, PTP61900 
v III - ” 4 $,0*-2# PTP62UUU 

0 , “RR I “I1R (11 , “RN ,?I I “RR t31, C1s.E 20 CXIT.” PTP62106 
V + CV 11, - \il I 2.2 1 O’HIG VP, PTP62200 
RkSLH 201 PTP*2306 
v + c ” Cl1 - “I / PP 20 I VP - v < r*n*-3* PTP624QD 

@RIG VP , v, TGACF HAY I”, O- X,, @SIGN, PSIGNI~ :GECYCLE 20,- PTP625Oa 
TRICE R&Y (VT, 0. HP, OF, RPSICN, WSIC:NP, PTP62600 
P201# PTPdZZDD 
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SIGN = !+s,ti”r*- 
CASE lF”NrTlOh (VP. ” ,Tl. HP, ii 111, RPSIGh, HSICN Ill’- 
“PR l2l,Vl~H131,HR121,H*I3ll, 
CASE 1 FUICTIKk C!!.‘iP, H, RP,,RSIGU,RPS!GN” 
“HR. “HR ,,l.i+N, 4N,ll,, CASE 2” EXIT. 

(#PAGE F ,276.4, 
DSIGN s OSltib IlIZ 

DSIGN = UPS~G~L 
PPZO * 2.0 I PPZ(1, b?FSU~ZO. 
DPSIGhl E 1L 

R S,G’u = 1z 
P,l3,PLUSZO. 
PT@liO..- 

HSIGh = iz 
PTO,?O. 
PiO,PL”SPO,-“” 

CPS,GV i 1‘SiGhZ 
P Tulzr, 
PTO, PIUS 20,- 

P  TO I 20L 
VP I V. RP I K, i iFS1iiN , DS,GN, RPSIG,” I RSIRN, RECYCLE 20 
P  TO IiLUS 2p* 
VP 1 ” 111, UP 1 li 111, oPS,GN , DSlGy [?,I, 
RPSlGhi , Kslrk 111, VkCYCLF 20, 
CASf 2” EXIT;, 
(#PAGE F 5276-51 
CASE 31 FUNcTl@N (V(z), H(7), RsIGN(~), nSIGhl(2). “RR(~). 
VP. RP, RPSlCb, CPSIGN, PP’31,V 
'0 I "AR , VURll l I~VH~[ZI TVKR 1.31 I VRR 141 , vii4 151, 

RECYCLE 3< d 
VI11 - ” -G 2.0*-24 

CASE i FUr~CTlLh (“,“[I,, 11. Rli,, *SIRNo RSIGNI11.- 
“RR, \rRH [il. RR, RR 11111 CASE 31 EXIT,” 
” l fVfll - 10 I PP.31 1 “PI 

FIRST APPROY 31L 

TRACE RAY IVF, O* HP, , HPSlGN, irP SIGN). 

%RECFIVER RAIGE - RP S  < 1.0 . -%i 
PP31 + 1.0 , PP31, R~CYCLEJ~,- 
RP SlGN i A  SIGN, 

P310, 
P311. 

. 

RU (6). 

2.0 I PP31, 

p310: 
CASE 20 FUNCTION (V, VP. h, HP, “SIGN, RPSIGM, “S,G,ti, “PSIGN~ 

P  10 I 31. 

PTP62ROO 
PTP62900 
PTP63000 
PIP63100 
PTP637OIl 
PlP63300 
PTP63400 
PTP63500 
PIP63600 
PTP63700 
PTPOJROD 
PTP63900 
PlP64000 
PTP64100 
PTP64200 
PTP64300 
PTPh4400 
PTP64500 
PTP64600 
PTP64700 
PTP64ROO 
PTP64900 
PTP65000 
PTP65100 
PTP65200 
PTP65300 
PIP65400 
PTP65500 
PTP65600 
PTP65700 
PIP65800 
PTP65900 
PTP66000 
PTP66100 
PTP66200 
PIP66300 
PTP66400 
PIP66500 
PTP66600 
PIP66700 
PTP66800 
PTP66900 
PTP67000 
PTP67100 
PTP67200 
PTP67300 
PTP67400 
PTP67500 
PTP67600 
PTP67700 

CASE 1 FUb!CTI!‘k IYP, “cl,, RP, “(I,, RPSlGN, HSIGh,[l,” 
V~R141,VRR151,~R141.~~l51~,CbSt31EYI1. 
(#PAGE F5276.6) 
PJllZ 
CASE 20 F”NLTI”N (VP, Vlll. RP, 4111, RPSIGhu. RS,Gh1,1], DPSIGN, DSlGNIlPTP67ROfl 

35 

I* 
VRR 121, VRR 1318 VRU 141, VHR I>,, RH,Z,, RR,3,, l>.Q[4), RR(51,, 

~PTP6i900 

VRRl2 
PTP6.5OOtl 

1=01 
P  TO I PLI:S 1.51. 

PTPdSlOO 
PTP68200 

CASE 1 FUh,CTItrh (V. VP. H, RP, HS,,iN, RPSlGhin “RR, “RA ,I,, ~9, RR ,PT,B6630” 
111, PTP6B400 
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CASE 32 EXIT. 
P TD I 3IL 
VP I U, RP , H, L:PSIGN I D SIGN, RECYCLE 31, 
P TO 1 PLUS 131s 
“p I VIII, RP I itlJr WSlGN I DSIGNtll, RECYCLE 31. 
CASE 31 EXIT#r,, 
1 

IfPIFE F 5529-i) 
(#THF FIRST 51X hAME IN iHIS DIHENSIONING STATtWNT 
ARE USED BY THE PROGRAM AS THREE BRDERFD PAIRS,) 
TXATRIIDXY ‘00, 
RCATRtvBRY = no, 
lBIC INDEXTX E 06. 
RL)IZ INDEYRC * 00, 
TX SND SPD, 
RC SND SPDq 
Hltu*r5RI 1 = 0000 * 
B21BNORY 2 = 0000 , 
INT=oOI bvICHE = 00. HOTT.9t.l = 00, T@P 5 001 
,StlIFTED TAHLE~OOOOD,OOOO. 
DEPTH = OOOiJnO,Ol’OOO, 
LEVEL, 
SUDDR I 
DEVICE 1 =oo .UEVlCE 2 2 00 , 
AWE. 
ATWR. 
NEE2 = .ZrO, 
wtec I 
ZEE*g*O, 
GEE = o*ol 
STR. 
STRt _~ _. 
CkDY, 
CINIT, 
IIL LIWIT = nor 

I’ TAn= 030000.00000 I 
TITLE FLAG- 
ILPACE C 5529.2) 
SEARCtlf .NHUP RF PlS I IIL LlHlTI 
lN5EY It+STR”rENT LEVEL <ZSWTYI IIL LIMlT- I”‘DEXTX. TXATRNDRY)r 
INDEX I@,TR”~~~T LEVEL (LStlBRC, IIL LIPIT” IWDEXRC. “CATRNDR’ftt 
cWPOTE IfiST ‘ $ZSUtiTX. lNnEXTX- TX %‘,‘I SPnIs 
TX SND SPD , TX SiEUN!l srttn~ 
cONPLJTE INST C (ZStiSHC, INUtYRCn RC SVD SPD), 
0 I ILEVEL, 
ZSUBTX = ZSU”RC# 

PTP?tAm 
PTPIISW 
P?P?lOrm 
PfPTl?‘aO 
PTP71856 
PTPTt95rl 
PTP12000 
PTP?ZlDD 
PTP722a6 
PIP72356 
PTP72400 
PTP72556 
PTP?26@0 
PTP7270D 
PTP72ROl? 
PTP72950 
PTP73oon 

TX AT UNDCI > OT pTP73tan 
INrlEYfY t bl t B2e I,L LlRlT - 1 1 LIHIT, CBNTQOC. PTP7329D 
SHIFT rOWPI (IkDtXTir IIL LlMIT, t-x, INJEXTX . 1 1 INDFXTX I INDEPTPT33fm 

YRC I RI I b7r PTP73450 
ZS,,Ulx I DEPTH lABLE LlNIIEXTYI, TX SNU SPD I C tINDEXTYl. PTP73506 
11~ LII~T I L!bl,T * t / IIL C~HIT 1 NHPR BF AiS, CRMTRDLI- PTP?3659 

llPAr.C F 5579.3) PIP73750 

PTP6855.0 
PTP68600 
PTPWJTDO 
PIP66856 
PTP6896B 
PTP69mxl 
PTP691PU 
PTP692au 
PIP69350 
PTP69406 
PTP69!TOLT 
PlP69659 
PTP6PTOO 
PTP69RW 
PTP69906 
PTP7DOOE 
PTP70¶06 
FlP?WOO 
PTPTOJOU 
PTP?WOO 
PTPTUS@P 
PIP70659 
PTP70756 
PTPI(IR56 
PTPIOPOO 
PTPzxaa& 
PTPlllOO 
PTPTtlDU 
PTP71356 

is&r; i 2sumi PTPT3ROD 
INDEXTX I HNDhY 1, ~NIXXHC I MNoHY 7, 0 I REVlCF 1, 1 I DEVICE 2* PTP73900 
INDEXRC 1 UbDHY I, INDtY TX I BNDRI 2. 1 I 5E”ICE ir 0 I DEVICE 2r PTPT4OOO 

TX AT BNDHY tUFVICE II > 3Z PTP74~56 
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TX 

TX AT BIU”~” ,T:t”ICE 21 ) oz- 
SHIFT TWdN (62, I,L L.IHIT, 1.-j, INilEYTY IUEVICF 21 + 
1 , "2 , ,h.izEXTk i"E",CE ?I, LSJQTY lUFVlCF 21 I 
"EPIH TAkLC 1821, TX SNLI SPII [DEVICE 21 I c IH2l, 
,IL L,k,T , LIVIT + * I I,L LIMIT I Nk!PR WF Al\* 

IIL LIMIT - 1 / LIElll, CklNTHOL.- 
AT RNIIRY IUEVICE 21 B ;z 
SH,FT “wwh lt11, 111. L,M,,, in), 81 l 1 , Ql ( INUEXTX IDEVICE 11, 
,hdnFYYY IntVICE 21 l I 1 81 I lN”EXTX IDEVICk 21, 

PTP74200 
PTP743OO 
PTP74400 
PTP74500 
~lP74bOO 
PIP74700 
PTP74ROO 
PTP74900 
PTP75"OO 

ZSbRTX IrJFvIct 11 I DEPTH TABLE [All, PTP75100 
1X SNO SPP IOtVICk II 1 C ,Hll, ,IL LIMIT I LIMIT l PTP75700 
1 I IIL LIMIT , N"BR Rk AlSo PTP75300 
SHIFT UOuh. (82. I,L LIMIT, 2a), 82 I SUDOR . 2 I H2 I INDEXTX lDEVICPTP75400 

21, PIP75500 t 
2SLiETY IDfVlCC ZI 1 DEPTH TABLE IRZlr PTP75000 
Ix SN" 5Pn IDLYICE 21 I C IHZI, I!L LIMIT . 1 I LIMIT + 1 I IIL LIMIPTP75700 

T PTP75800 
, NHBF( OF eis, PTP75900 
SWlFT D@lir, (81, SUDWB, in), "1 l I I 41 I IhDEXlX IOEVICEII, PTP76000 
ZSUBTX IDFVICk II / DEPTH TABLE (811, TX SNC SPD IDEVICE II I C IRllPTP76100 

I PTP76200 
(#PACE F 5524.4) PTP76300 
CWNIRWLL c I STU, CNDX = J (11 NHBH OF A15 - 1 *C ICNDX l 11 I STRI s SPTP76400 
TRL PTP76500 

STRl I STP 1 CKAX IAHLtlCNDYJ, "EPTY TAHLF ,CNDX*lI I CMXLTAB tCNDXIPTP76600 
" PTP76700 

STR , CHAY TAhLEltNDXI, STRl I STA, DFPTH TABLE lCNDX1 I CHYZTAB fCNPTP76800 
PIP76900 
PTP77000 

DX1~1 
HkDRY 1 i 0s 

0 , PlPX v WN PHHFILE, ST ILl?l?P,." 
51 LR"PIi C I MAX v PN PI _ _ _ WF1;i;i.l TITLE FLAG, 
i&P i* LE"[L ; ONDRY 12 

SEARCH WAX V t:lr PROFILE, LOFlPi.- 

PTP77100 
PTP77200 
PIP77300 
PTP77400 
PTP77SOO 
PTP77600 
PTP77700 
PTP77800 
PTP77900 
PTP76000 
PTP76iOO 
PIP76200 
PIP78300 
PIP76400 
PTP7.9500 

ST LWWP2Z C lLEVtLl I INlTlAL VELOCITY, 
LWP2t LEVEL * LIrIT: 

,NIT,PL VFLOCITY > MAX v ON PROFILE* 
IklVZ / MA): PR3FILf DEPTH, 
INIT~A, VELWCITY / NAY V WN PROFILF.-- sEPHCH 
EXIT SFARCk.* 

LEVEL 2 RND"" 22" 
SEARCH Ik~ri*L VELOCITY , LI~oP*. 

INITIAL VELOCITY > MAX " UN PROFILE* 
,N,VZ I MAX PtiBFILE DEPTH, 
,NlTlAL VFLOCITY I MAX V AN PHOFILE-- 

LOWP 3s LEVEL L LIHITZ- PTP78600 
SEARCH HAY v oh PRor*~k, L@OP3. EXIT SEARCH#, PTP78700 

(IPAGE F 5529-S) PTP76ROO 
INDEX INSTRUPENT LEVEL (DEPTH OF INSTR. LIMIT, INDEX. AT BNDRY, LHFLT.)PTP78900 
# -FX T(J FL (LIMIT- LHFLT). LHFLT . DEPTH nF IhSTR , IDEPTH TASLE lLIMIPTP79000 
TI - DEPTH TAULE) I INDEX. PTP79100 
FL 18 FX (INrEX- INUEXJ, PTP79200 
1NDEX s LIMIT+ PIP79300 

LIMIT I IhUtX"" PTP79400 
INDEX 8 OZ PIP79500 

LOOP." PIP79600 
LP# DEPTH TAaLE IINDEX] i Of PTP79700 

INOEX - I.0 I IhIIEX. INDEX > OZ PIP79800 

HAX V WN PRBF ILE, 
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LP. 
0 I tt”ntx, L%E)P*-” 

;oDeP* INDtx b LlMlTL 

PTP799DO 
PTPBDUO~ 
PTPaall?u 

I-PRINTEP 0 ‘< Ti*C BiWTRUWNT I LEVEL B IS S SREATEH B TWANF THE PPTPBD~D~ 
VACUES%INBTctBDtFTH*TA%Lt.,,r NEXT T3c.r 

LSOPt DEPTH 1AbLt IlNIItXl = DEPTH ,?jF !N<TR* 
1 I AT %NnRY, tXIT I1L.r 

DEptH tA%LE IINDbXt c IJEPlM kIF ,NSTRL 
DFPTtI @F llvSTF ( I)tPT* TARLE IINDEX + II# 

-1 I AT bNTkY, txll I1L, 
INDEX * 2 , IPInt*, L”GP.- 

INDEX - 1 I IhCEX* LWP. EBXll llif I S6TOP#.. 
7” 
(#PAGE F 5520.0) 
CBHP~ITE INSTt (2tt. INDtX, INSTC, UKLC,)Z *l”DEY i ;yY@R RF A$SZ 
CfCkECK IF WF WWTTWH) INrJtY - 1 ( IN,,EY”” 
ZEE * ZEF l biT~hLt iir*DE~l l ZEE l A2 TABLE IINDEX) l A3 1dBt.E 
I WKLC, 1.0 , WKLC I WKLC, 

SORT (UKLC- ,MSTC >r 

PtPRGJPr! 
PTPROIDO 
PTPRDSDrf 
prPeo5an 
PTP807DO 
PTPRrLPRll 
PTPBDPsm 
PTPRIDDO 
PTPEiiOO 
PTPB$?O(L 
PTPRI3W 
pTp5z4ao 

I INDFX>PTPI~SDO 
PTP%lCPlr 

SnlFT D%Whi (TOP, bOTT@M. 1~1, N,c”F,,$ 
l 

UFPTH lA%LEIb?I I D TA% 
unt~w I r]tzPrn t 

NICXF 0 ReTTeM 4-l) T(w t 
DtpT* TARLEI~IICH~~ I D TAL+ , ,,EP,M TA3LEfNlC~E+I 

‘NICHE + I”TI 
,NTI I SHIFTED TA3LE, 

DEPTH TARLE~I~IC~E~ I DEPTH r&L;1 
C IhlCYEl I C INlCHt + ,INT). 
61 TAKE !NrchEl 1 Ai TAHLF ~NICHE 
AZ TABLE (h’lrkk] t A2 TAbLF (NICHE 
A3 TA%tt lhlrHtl I A3 TAHLt INICHF 

l INTlr 

l IAlTlr 
+ IWTlsa 

IIPPGE F 5520.7) 
SEARCH “AX V DN PliOFlLt# ‘Al TABLE (LEVEL) I AENE < of 

SFARCH *V.- 
CBHPUTE HV* 62 TABLE ItEVtLI I ATk’R , NtGZ / AENF , 
DEPTH TARLF ILtVtLl .z ZEL < ffFPtH TABLF ILEVFL + 11f 

TEE, 

ZFE l ZEt l AWt + Lkf l AT+@ * A3 TARLF ~LEVFLI I tiL@cI 
1,O , wCWr I kL0C, SDRi <~lLl.lC.. CEE,, 
GEE > WAY TAbLE ILtVELI# 

CEE I CKAXTAHLF ILEkFLl. 2FE ( CMXZTAHILFVEL,. 
TlTLF FLAG i gr 

CMAXiA%!+E~ ILFVEL) a +?AX veer! PHOF~LF~ 
CWAxTAkiLt lLtV$.Ll ! HAY “Ok PR?jFlL*. 
C*YZTAB Ik.tVEtl 1 NIX PHWFILE DEPTH-n 

SET ~Yz LEVkt l 1 I L~vtLs 
(LpAGE F5529-&> 
SEARch INlT!aL VrL%CtTYZ 16.1 TABLE lLEVt1.I I ACNE < “$ 

SEARCH IV,” 
t%RPUTE IVf a2 lP%Lt lLtVtl~1 I ATWR I MEG2 I A&NE , 7EEs 
DtPTH TABLE lLtVtLl c 7Et G DEPTW TABLF ILFVFL +llZ 

2Et . 2tt . Ak.hE l Ltt * ATWo * A3 TdHLF 1LE”ELt I wLRC, 
1-O / WL8r I *LOG, SOKI (WLOC- CEE,, 
CFE ) CHAYTPBLt tLtVEtl? 

CtF 1 CMAX IAilLt ILEVELI. ZtE I CNYZTAR tLFVtLlr 
TITLE FLAG - 01 

PTPP1708 
PTPBlROO 
PTP519UO 
PTPB25D5 
PTPRZiOR 
PTPR27U5 
PTPb2300 
p,p*24a* 
PTPR250(1 
PTPR26DR 
PlPB??OD 
PTP%ZFW 
PTPBZPOfl 
PTP83DOO 
PTPBJrDn 
pwe3w 
PTPb3300 
PTp834GW 
PTP83500 
PTPBJkOII 
PTPB37Dh 
PTPR3ROO 
PTPII3PDh 
PTP54ORt?Z 
PTPRIlOII 
PTPBl.?Oe 
PTp843Dn 
PTPfJ44oa 
PTPRSSRO 
PTPR4Lllfl 
PTPR4TOII 
PTPBLROB 
PT PR49cm 
PTP55ilOil 
PTP35Ilm 
PTPA5200 
PTPR5301) 
PTP05400 
PTPA5505 
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I , 111tt FLAG, -PRINTEQ o,, <‘rHA~,>ctF<?LrCHZX,~>~E~>,- PTPSshOn 
,‘PF,NTI-k <7%rs~CFt7?dB~ZFE>,-“-“~ PTPR5700 

SEARCh ,“Z CIbX TA8LF lLEVtl.1 ) INITIAL VELOCITY8 PTPR5HOO 
CMAYTAbLt ILEVtLI I IblllAL VELOCITY, PTPR5900 
C~YZlPb ,I tUtLl / Ibuivz-” 

SET IV* LtYtl 
PTiJfl6noO 

l 1 I Lt”tLa.. PTPRhlOfl 


